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S I T E R E M E D I A L I N V E S T I G A T I O N P L A N
1.1 i n t r o d u c t i o n , H i s t o r i c a l Review and D e s c r i p t i o n o f the Site
1.1.1 I n t r o d u c t i o n

The Site was p r e v i o u s l y u t i l i z e d as the l o ca t i on of a s i n g l e c y l i n d e r creosote andp a n t a c h l o r o p h e n o ! wood t r e a t i n g p l a n t for 22 years. The p l a n t was constructed in1962 and closed in 1984. Arkwood. Inc. (Al) opera t ed the site f r o m 1962 u n t i l 1973.Mass Merchandi s er s , Inc. (MMI) opera t ed the p l a n t under lease f r o m 1973 to 1984. InJanuary. 1985, the 12 year lease was not renewed by MMI. MMI ceased opera t i on s in•Juno 1984 and so ld or removed all inventory. The owner d i s m a n t l e d the p l a n t in1986.
In 1981, d e t e c t a b l e l e v e l s o f p e n t a c h l o r o p h e n o l (PCP) were f o u n d in s p r i n g s andd o m e s t i c w e l l s I n t h e i m m e d i a t e v i c i n i t y o f t h e S i t e . R e p o r t s o f t h e Arkansa sD e p a r t m e n t o f Pol lu t i on C o n t r o l & E c o l o g y (ADPC&E) are i n c l u d e d in th e HazardRanking S y s t e m ( H R S ) package u t i l i z e d b y t h e E n v i r o n m e n t a l P r o t e c t i o n A g e n c y(EPA) U p d a t e No. 4 to the National P r i o r i t i e s Lis t which p r o p o s e d to add the Site inlate 1985 (Appendix A). An A d m i n i s t r a t i v e Order of Consent was entered into by EPAand MMI on May 15, 1986. The Cons en t Order required an RI/FS p l a n to bed e v e l o p e d b y M M i f o r t h e S i t e .
A R I / F S W o r k P l a n d e v e l o p e d f o r M M I b y G e r a g h t y a n d M i l l e r , I n c . ( G M I ) w a sf i n a l i z e d on December 1 ,1986 (Appendix B). The Plan prov ided a scope o f work forthe remedial i n v e s t i g a t i o n ac t iv i t i e s a t the Site . The s ta t ed p u r p o s e s o f the remedialinvest igation were: (1) to determine the nature and extent of the problems at the Site;and (2) to g a t h e r al l necessary data to s u p p o r t the f ea s ib i l i ty s tudy. The e ta t edpurpo s e of the f eas ib i l i ty s t u d y was to d e v e l o p and evaluate remedial a l t e r n a t i v e s fort h e S i t e . Cranmer & A s s o c i a t e s , I n c . ( C A I ) reviewed t h e G M l - M M I R I / F S Work P l a nb eg inn ing I n A p r i l 1987. I t i s t h e o p i n i o n o f C A I that t h e R I / F S Work P l a n propo s ed b yGMl-MMI i n c l u d e d many non-re l evant ac t iv i t i e s which e s calated e x p e n s e s withoutI n c r e a s i n g Si t e k n o w l e d g e and contained c omponent s which i f i m p l e m e n t e d couldpose a sub s tant ia l and imminent r i s k t o i h e environment. The GMl-MMI RI/FS containsmany f a c t u a l error r e g a r d i n g NPL li s t ing, ownership and d i s cu s s ions not relevant toI m p l o m e n t i n g a R I / F S . T h e R I / F S contains r e f e r enc e s t o past c l i e n t s a p p a r e n t l yIncluded by u t i l i z ing verbatim s egments o f p r e v i o u s l y d e v e l o p e d p l a n s f or other sites.C A I recognizes, however, that por t i ons o f t h e G M I R I / F S P l a n I s pre sented I n s u f f i c i e n tde ta i l to be u t i l i z e d by CAI. In order to reduce costs and minimize d e l a y s , CAI willadopt GMI e f f or t s whenever p o s s i b l e . In a d d i t i o n work p r o d u c t s cited in th e GMI workp lan has been u t i l i z e d whenever po s s ib l e . For e xampl e , the comments by Alan Gatesto EPA have been r e f e r r e d to and re l i ed upon. CAI of f er s the fo l lowing RI/FS StudyPlan as an al ternative to the GMI Plan.

1.1.2 Site L o c a t i o n and D e s c r i p t i o n
The Site occupies part of S e c t i o n 27, T21N 421W located on the Omaha,Arkansas-Missour i Quadrant Map west of U.S. Highway 65, one-ha l f mile southwest ofthe city of Omaha, Boone C o u n t y , Arkansa s , as shown in f i g u r e 1-1. The Site Islocated at the head of a v a l l e y west of U.£. Highway 65, as shown in Figure 1-2. The
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S i t e covers a t o t a l of 15 - 20 acres that ware used for t r ea t ing wood with POP andcreosote and s torage of treated pos t s . A branch l i n e of the Mis s our i P a c i f i c Raiiroad(MPR) tracks are ad ja c en t to the northern edge of the Site, To the south and west theS i t e is bounded by the unpaved Cricket Road. An aerial p h o t o g r a p h of the Site as it,was In F e b r u a r y . 1984, is shown In Figure ( ), The acreage was d e v e l o p e d in theearly 1900's when the MPR excavated to a d e p t h of 40 to SO f e e t below natural gradet o obtain f i l l dirt f o r th e cons truc t ion o f railroad embankments.
The Si t e e l eva t i on fa l l s f r o m south-east t o north-west a l o n g a smooth s u r f a c ewhich r e s u l t e d when the MPR removed the t o p s o i l and a f t e r o w n e r / t e n n a n timprovement s . The Si t e f a l l s a p p r o x i m a t e l y 100 f e e t in e l evat ion f r o m south-east t onorth-west. The Site s u r f a c e has been channeled and l i t t l e water f l o w s f r o m south tonorth, a l t h o u g h thi s would have been the case prior to excavation. Excavationre su l t ed in e x p o s i n g the porous and occa s ional ly cavernous u n d e r l y i n g l imes tone tos u r fa c e water e n t r a i n m e n t . S e v e r a l s i n k h o l e s are evident on the S i t e . N u m e r o u sa q u i f e r channel s exist i m m e d i a t e l y be low the Site . A d e e p cased well with the wellp u m p set at 920 f e e t is l o ca t ed on the south-west side of the northern end of the Site.

A s t e e p b luf f a p p r o x i m a t e l y 50' h i g h ex i s t s on the lower one hal f o f the northeastern boundary of the Site. A d i s p o s a l area (pit) on the north-eastern boundary ofthe Site and next to the railroad tracks was covered with fill dirt In 1986.
The current Site improvement s i n c l u d e no intact b u i l d i n g s , several f o u n d a t i o n s ,one shed s t ruc ture , one d e e p w e l l , a f e n c e wi th ga t e , underground p i p e s and powerpo l e s . S e v e r a l areas show s u r f a c e tar and d i s carded steel band scraps. A sawdustp i l e Is located In the most southern e x t r e m i t y of the excavated area. A quanti ty of t iresand steel b e l t s (after b u r n i n g ) are located on the south end extremity.

1.1.3 H i s t o r i c a l Review
A summary of the r e f er ence documents avai lable for d e t a i l e d s tudy is i n c l u d e d &/>A p p e n d i x C. F i g u r e s showing the s a m p l i n g loca t ions used for al l s a m p l i n g events on-Site and off-Site have been i n c l u d e d as F i g u r e s ( ) and ( ), r e s p e c t i v e ly . The locat ionfor each s a m p l i n g po int has been numbered and i d e n t i f i e d by name. The locationsare l i s t e d by number and name in the tab l e s that present the relevant data.i S i n c e cessation of Site op e ra t i on s , there have been a cons iderable number ofI n v e s t i g a t i v e a c t i v i t i e s to d e t e rmine the I m p a c t o f the Site on the s u r r o u n d i n genvironment. T h e s e a c t i v i t i e s have i n c l u d e d Site residue charac t er izat ion ands a m p l i n g of known s p r i n g s and w e l l s w i th in 3 mi l e s of ihe S i t e . A n a l y s i s of this datasugge s t that an improvement of off-Site Areas a p p e a r s to be d e v e l o p i n g sincecessation of Site opera t i on , in a d d i t i o n , an I m m i n e n t and substantial risk to man andthe environment does not exist.

Overview o f S i t e i n v e s t i g a t i o n s
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The MMI o p e r a t i o n of the Site was the subjec t of an I n s p e c t i o n on May 1 9 , 1 9 8 1 ,by a r e p r e s e n t a t i v e of the ADPC&E and the Boone County S a n i t a r i a n . The i n s p e c t i o nr e s u l t e d f r o m a c o m p l a i n t f i i e d b y M i s s o u r i P a c i f i c Rai lroad wi th t h e A D P C & Econcerning s p n n g water contaminat ion in the railroad tunnel adjacent to the Site.
In October, 1981, MM! re ta ined MCE to assist MMI in b r i n g i n g th e Si t e intocompl iance . MCE began th e c o l l e c t i o n o f g r o u n d - w a t e r q u a l i t y da ta r e l a t i n gs p e c i f i c a l l y t o th e Si t e .
A n a l y t i c a l da ta f r o m s a m p l e s taken by MCE are p r e s en t ed in A p p e n d i x D andi n d i c a t e that c o n t a m i n a t i o n of the ground water by PCP was pre sent in 1981.C o n t a m i n a t i o n o f the t y p e f o u n d on the Sit e was f o u n d o f f -Sit e in Cricket SpringChanne l west of the Site, in three dome s t i c water s u p p l y w e l l s , and in a s p r i n g to theeast in s ide the railroad tunne l .
On October 22, 1981, r e p r e s e n t a t i v e s f r o m MMI met in Litt le Rock with theA D P C & E and a r epre s en ia tve f r o m M C E . The outcome of the mee t ing was to d e v e l o pa p l a n to s t u d y the p r o b l e m . The p l a n was to be d e v e l o p e d by MMI and M C E . Thep l a n was to: (1) o u t l i n e the p r o b l e m areas; (2) propo s e a p l a n of action to correct thep r o b l e m ; and (3) contain a s ch edu l e o f a c t i v i t i e s f o r I m p l e m e n t i n g t h e i d e n t i f i e dcorrective actions. This s c h e d u l e was submi t t ed to ADPC&E in December, 1981.
M o n t h l y g r o u n d - w a t e r s a m p l i n g w a s i n i t i a t e d I n M a y 1982. M o d i f i e d S t a n d a r dO p e r a t i n g Procedures (SOP's) wers d e s i g n e d t o permit MMI t o reduce th e quan t i ty o fo i l , creosote, and PCP be ing released to the environment. In May, 1982. MMI-MCEsubmi t t ed a report t o ADPC&E o u t l i n i n g th e m o d i f i e d S t a n d a r d O p e r a t i n g Procedure sfor the Site . A c t i o n s taken in A u g u s t , 1982 i n c l u d e d : (1) p o u r i n g a concrete pad overthe " S i n k h o l e " ; (2) c on s t ru c t ing a concrete drip pad in f r o n t of the t r e a t i n g c y l i n d e r ; and(3) g r a d i n g the area around the d r i p pad to i m p e d e ra infa l l runof f f r o m en t er ing theprocess area.
In July, 1982, T h o m a s Millard, an i n d e p e n d e n t consu l tant , was retained by MM! tomake a p r e l i m i n a r y assessment of the S i t e - s p e c i f i c g e o l o g y as we l l as the direc t ion ofthe ground-water f l o w . Mr. Miliard issued a rough draf t report br ie f ly de s cr ib ing theS i t e - s p e c i f i c g e o l o g y ( J u l y 2 ,1982, correspondence f r o m Thomas M i l l a r d , A p p e n d i x• E), as well as s t a t i n g that the ground-water f l o w is p r e d o m i n a t e l y to the west, f o l l o w i n gthe regional d ip o f the o u t c r o p p i n g limestone.
In the summer of 1982, MMI had a new water s u p p l y wall dril led for Mr Behrens,to r ep lace the wal l that had shown contaminat ion by PCP during earl ier s a m p l i n gevents by M C E , The well c o m p l e t i o n report was forwarded to ADPC&E in S e p t e m b e r ,19S2. The only action at the Site was continued ground and sur face water s a m p l i n gby MCE for the remainder of 1982, all of 1983, and the f ir s t several months of 1934.
a David Orr arrived on J u n e 19, 1981 at the p l a n t accompanied b y - M i k eY o u n g b l o o d , Boone County S a n i t a t i o n , Arkansas Department of H e a r t h . T h e y met Mr.Roy H o r n and t o l d Mr. H o r n about the complaint that was received concerning "badl ook ing water coming f r o m a s p r i n g inside a railroad Zunne l adjacent to the property".T h e y asked for a brie f tour of the treatment process.
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The t r ea tment process invo lved steam pres sure tr ea tment wi th p e n t a c h l o r o -p t e n o l and creosote on a f o u r - d a y cycle. After t r ea tmen t , the wood po s t s were p i l e d ins m a l l g r o u p s to cure. No means of conta inment was observed below the p i l e s . .S e v e r a l p o o l s of b l a c k i s h water were observed on the p r o p e r t y and a d j a c e n t to thep r o p e r t y a l o n g a railroad right-of-way.
After the toi" of the t r ea tment process, the men drove along the railroad tracks toa tunne l where a repair crew was r epa i r ing tracks. T h e r e , the men were met by Mr.Gary Benham, M o t o r Car Operator. Inside the t u n n e l , they observed a s p r i n g f l o w i n gf r o m the north side which d i s charged t h r o u g h metal p i p e s . The water appear ed clear.F a t h e r I n s i d e the t u n n e l , another s p r i n g f l o w e d about 30 f e e t above the tracks. Thewater appeared somewhat clear but f u r t h e r down the d i t c h , It f o r m e d an oil f i lm on thesur face and stained the wa l l s and dirt sur fac e s . On the east side of the t u n n e l , more oilf i lm was observed which c o l l e c t e d in poo l s . The dra inage f l o w e d o f f t h e railroad trackr i g h t - o f - w a y into a l a r g e poo l of water with a th i ck brownish oi l f i lm on top . F u r t h e rs tudy showed that th i s creek f l o w e d into Barren Creek.
S a m p l e s were taken on the east side of the tunnel ( s a m p l e #1),' in s ide the tunne la* the west end below wes t s ide s p r i n g on the south side ( s a m p l e #2) and at the s p r i n gon the north side of the t u n n e l ( s a m p l e #3). The f o l l o w i n g are the r e su l t s of analysi s ofthese s a m p l e s f o r p e n t a c h l o r o p h e n o l :

S a m p l e # Log # D e s c r i p t i o n P e n t a c h l o r o p h e n o l
1 24503
2 24504
3 24505

East S i d e o f T u n n e l
Inside T u n n e l at Wes t end

8,56 m g / l
2.1 mg/I

not detected
The Site was n o t i f i e d under RCRA as a generator of hazardous waste. Mike Batesof ADPC&E vis i ted the s i te on October 5 and 6 , 1 9 8 1 , for the p u r p o s e of conduc t ing anI n t e r i m s tatus s tandards i n s p e c t i o n and to f o l l o w - u p the Init ial c ompla in t .\MMl of H a r r i s o n operated the S i t e . MMI representat ives Bob Barker and DevooG r e g o r y o f the Wood Produc t s G r o u p s u p p l i e d background I n f o r m a t i o n suring ameeting on October 6,1981.
According to Mr. Barker and Mr. Devoe, the waste from the wood tr ea t ing operat ionwas dumped into a cave at the treating plant from the beginning of the operation untilaround 1970. The cave was then covered by boarding the entrance and covering Itwith a layer of dirt (the entrance is flush with the ground surface). * As of October 5,1931, the waste consi s ted of the wash down of the treatment room f l o o r and thec l ean ing of the treatment c y l i n d e r between the use of p e n t a c h l o r o p h e n o i andcreosote. T h e s e wastes were accumulated In a tank and then sprayed over thestorage yard for use as dust control. Mr. Barker e s t imated that MMI generated
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a p p r o x i m a t e l y 500 g a i i o n s / y e a r (6000-7000 Ibs/year) of the s e wastes. S t e a m wasalso used in the treatment process, the steam was said to be reused in the process.Some o 1 the steam was b l ed of f t o d i s charge behind the o f f i c e b u d d i n g ad ja c en t to theMissouri P a c i f i c ra i l road.

The Site could have been c l a s s i f i e d as a Small Q u a n t i t y Generator , according tothe generation amounts furn i sh ed by Mr. Barker, if MMI had disposed of their wastep r o p e r t y . As of October 5 , 1 9 8 1 . the Site was d i s p o s i n g of t h e i r waste i m p r o p e r l y bys p r e a d i n g the material for dust control and by d u m p i n g it in several p l a c e s at thenortheastern end of the ir p r o p e r t y near H i g h w a y 65. The frequency of these"dumpings" were a p p r o x i m a t e l y every three weeks according to a Roy H o r n , t r ea tmentp l a n t manager. The area around the treatment p lan t was saturated with the treatmentchemicals. T h e r e were p o o l s of o i l y material around the treatment c y l i n d e r and thes t orage tanks. The tanks were not d i k e d (wi th the e x c e p t i o n of the rawpentach lorophenol storage tank) nor was there any type of containment to prevent thewashing o f th e o i l y sub s tance s o f f -Si t e dur ing rains. The s torage yard where th etreated wood p r o d u c t s were taken to "cure" was sa turated in many areas with whatappeared to be the treatment chemical s l ea ch ing f r o m the wood product s . Mr. Hornind i ca t ed that th i s saturated soil was scooped out p e r i o d i c a l l y and p i l e d up a l o n g theentrance road when the storage areas got too mushy to operate the machinery.
The steam b l e e d - o f f d i s charge mentioned pr ev i ou s ly ex i s t ed on the s l o p e behindthe office bu i l d ing . The s l o p e below the discharge p i p e s was oil stained; at the base ofthe s tained area there was an i m p o u n d m e n t which contained a black o i l y l o o k i n gl i q u i d . Mr. Horn had said t h a t n o t h i n g had been d i s charged t h r o u g h the p i p e s exceptsteam and that no th ing had been put in the I m p o u n d m e n t for years. The i m p o u n d m e n tw a s a p p r o x i m a t e l y 1 5 ' X 4 0 ' , d e p t h unknown. T h e r e w a s a p p r o x i m a t e l y 2 ' o ff r e eboard with no evidence of o v e r t o p p i n g . The impoundment was located adjacent tothe M i s s o u r i P a c i f i c railroad a p p r o x i m a t e l y 400' northwest o f th e railroad t u n n e lmentioned in the Init ial c ompla in t .

The tunnel was s i tuated in a n o r t h w e s t / s o u t h e a s t Sine and is a p p r o x i m a t e l y 1/2 -3/4 of a mile In l e n g t h . T h e r e had been a construct ion crew working on the northwestentrance of the tunnel to widen it. Their work had r e p o r t e d l y involved a considerableamount of b l a s t i n g . Gary Benham with the construct ion crew accompanied Mike BatesInto the tunnel on October 5,1981, There were three springs inside the tunnel; the f i r s tof which ( a p p r o a c h i n g f r o m the n o r t h w e s t ) was located about h a l f w a y t hrough thetunnel on the northern side. The other two were located in the southeast one third ofthe tunne l , d i s charg ing f r om the south side of the tunnel. The f i r s t two spr ingsdischarged t h r o u g h p i p e s i m b e d d e d in the tunnel wall a p p r o x i m a t e l y 20-30' above thetracks. The southeas t ern most spr ing broke out near the roof. Mr. Benham stated thatthe crew complained that the spray f r o m the s p r i n g s burned the ir eyes.•
The water in the ditches along the tracks was brown In color and had a darkbrown to black film on the surface. The tunnel wails and sides of the ditches were oils tained. Both d i t ch e s showed signs of contamination, however, the southern d i t c happeared to be more heavily contaminated.
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T h e sou thern d i t c h f l o w e d s o u t h e a s t e r l y f r o m t h e tunne l f o r about 1 0 0 0 ' b e f o r e I td r o p p e d off into a d epre s s i on formed by the po in t s of two r idge s in t e rac t ing therailroad. The trees g r o w i n g in the bot tom of th i s d epr e s s i on had oil s tains on them upto 12* above the pregent level of the water (with oil film). This d epre s s i on was ths^receiving p o i n t of thr e e d r a i n a g e p a t t e r n s . M i k e Bates did not observe a d r a i n a g e h

point under the railroad. T h i s d e p r e s s i o n could p o s s i b l y have been a s inkhole , MarkW i t h e r s p o o n o f ADPC&E agreed with Mike Bates about thi s p o s s i b i l i t y bu t i n d i c a t e dthat a closer s t udy would be needed to c o n f i r m it.
The northern d i t c h also f l o w e d in a s o u t h e a s t e r l y d ir e c t i on for about 1000* b e f o r eturning north and d r o p p i n g sharply to intersect Walnut Creek on the eastern side of therailroad. The tunne l s p r i n g s a p p e a r e d to be s u p p l y i n g most o f the water In W a l n u tCreek as of October 5,1981. The creek bed was dry a p p r o x i m a t e l y 600' downstreamf r o m the po in t where the tunne l s p r i n g water inter s e c t ed with the creak. The rocks inthe dry bed of W a l n u t Creek were tinted brown whereas the rocks of an intersec t ingin'irrnittent stream f r o m the northeast (dry a l s o ) were not. This could have been anindicat ion of the past f l o w of contaminants down Walnut Creek.
T h e r e were a p p r o x i m a t e l y 14 homes which used i n d i v i d u a l w e l l s as d r i n k i n gwater wi th in a mile radius of the Site, assuming that all of the residences w i t h i n the cityl i m i t s were on city water and d i s c o u n t i n g the homes a long H i g h w a y 65 which shouldalso have been on city water.
The Omaha city water s u p p l y i s a well located in the NE1/4, NE1/4 Sec .27T21NR21W, i n s i d e the c i ty l i m i t s near the Post Off i c e . Thi s wel l i s also w i th in onemile of the Site, the total d e p t h of the well i s 1315' with a casing d e p t h of 60'. The onlywel l water s a m p l e taken had been f r o m the Site . The d e p t h o f the Site wel l wasunknown, however, Mr. Horn stated that the p u m p ( s u b m e r g a b l e ) was set at 920'.
ADPC&E received another c o m p l a i n t f r o m a r epr e s en ta t iv e of the railroad whocharged that a wood t r e a t i n g p l a n t near Cricket was l e t t i n g l iquid wood preservativesout of a h o l d i n g area and that the material was g e t t i n g into a railroad tunne l . Thecomplaint also stated that railroad p e o p l e were g e t t i n g sick from the fume s in thetunne l . This c o m p l a i n t was considered by Mike Bates to have some v a l i d i t y . T h e r ewere d e f i n i t e l y wood treating chemicals g e t t i n g into the tunnel , however, as statedear l i er , M i k e Bates did not observe any di s charge or evidence of the o v e r t o p p i n g ofthe dikes of the I m p o u n d m e n t below the Site . The railroad p e o p l e may have beeng e t t i n g sick f r o m f u m e s inside the tunne l , but Mike Bates t h o u g h t that the f u m a s mostl ik e ly came from the tram engine exhaust, e spec ia l ly since the trains had to travel at aslow speed through the tunne l (complaint reported 10 mph).
Mike Bates considered this s i tuation to be a serious threat to the groundwater andsur face water q u a l i t y In the area. The representatives of Arkwood were said to havevoiced their w i l l i n g n e s s to cooperate and do what was necessary, wi thin their means,to a l l ev ia t e any environmental damage stemming f r o m their operation. In Mike Bates'opinion, there were several things that should bd accomplished.

1. Seal the cm-Site cave, with concrete or other water tight malarial, to prevent anycontaminants f r om entering I t .

6
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2. Cease the cm-Sit e d u m p i n g or s p r e a d i n g of wastes fom the treatment process.
3. C l e a n up all c on tamina t ed soil o n - S i t e and p r o p e r l y d i s p o s e of it.
4 . E s t a b l i s h d r i p p a d s and runof f c o n t a i n m e n t f r o m the t r ea t ed wood p r o d u c t ss torage area.
5. E l i m i n a t e any o i l y d i s c h a r g e and close out or m a i n t a i n the i m p o u n d m e n taccording to RCRA (if it contains a hazardous waste).
6. Determine the source of c on tamina t i on i n s i d e t u n n e l and i m p l e m e n t measures tocorrect it.
7. C l e a n up all of f-Site contaminat ion.
8. S a m p l e r e s i d e n t i a l w e l l s in the area for presence of contaminants .

The f o l l o w i n g are the d e s c r i p t i o n s and re su l t s f r o m analys i s of s a m p l e s taken atthe Site on October 6 ,1981 .
D E S C R I P T I O N O F S A M P L E S T A K E N O N O C T O B E R 6 , 1981

S a m p l e N o . D e s c r i p t i o n
Arkwood * 1
Arkwcod - 2
Arkwood - 3
Arkwwod - 4
Arkwood - 5
Arkwood - 6

A r k w o o d * ?
Arkwood • 8
Arkwood - 9

D u m p area - sawdust and o i l y material - b lack - a p p r o x i m a t e l y350' NW of H i g h w a y 65 near NE proper ty .
D u m p are • sawdust and oil material - black - a p p r o x i m a t e l y 100"SW of A r k w o o d - 1 .
W a t e r f r o m d r a i n a g e p i p e l e a v i n g p r o p e r t y N W o f o f f i c e - l i g h tbrown * foamy.
Water f r o m of f i ce - (well on Site) - p u m p se t at 920'.
Water f r o m W a l n u t Creek.
North RR d i t c h (SE of t u n n e l ) where ! t d rop s to W a l n u t Creek -water
S o u t h RR di tch d i r e c t l y across f r o m Arkwood - 6 - water.
Discharge behind Arkwood office - water.
SE corner of impoundment below Arkwood * 8 - sediment.

O
O
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R E S U L T S O F S A M P L E S T A K E N O N O C T O B E R 6 F 1981

D e s c r i p t i o n P e n i a c h l o r o p h e n o td e t e c t o d ( p p m )
#1: On-site d u m p - s ediment
#2: On-site d u m p - sediment
#3: Discharge p i p e - water
#4: On-site well - water
#5: W a l n u t Creek - water
#6: Railroad d i t c h - water
#7; Railroad d i t c h - water
#8: S t e a m d i s charge - water
#9: I m p o u n d m e n t - s ediment

30.000
23.000

18
<0.01

2.8
3.4
2.0
21

S600

M o n t h l y s a m p l i n g events by MCE cont inued at the Site un t i l J a n u a r y , 1935, AHthe a n a l y t i c a l data g enera t ed by the se and subsequent s a m p l i n g events wereprov ided to the ADPC&E by M C E .
In F e b r u a r y o f 1985, GMI was retained by MMI to conduct a p r e l i m i n a r yh y d r o g e o l o g i c i n v e s t i g a t i o n of the S i t e . The i n v e s t i g a t i o n was carried out in April 1985and consis ted of: (1) water q u a l i t y s a m p l i n g of w e l l s , s p r i n g s and streams; and (2) soilborings in the Site. Soil bor ing locat ions were s e l e c t ed and boring was a t t e m p t e dusing h a n d - h e l d augers. T h e s e bor ing s were of l i m i t e d e f f e c t i v e n e s s due to theextreme difficulty of s a m p l i n g wi th a h a n d - h e l d auger in soi l s characterized by claysand chert. Water samples were collected from a large number of walls in the vicinity,and the e l eva t i on s o f the measuring po in t s were surveyed U n f o r t u n a t e l y , t i i sanalyt ical r e su l t s were not considered to be valid (the s a m p l e s were not analyzed bythe laboratory wi th in h o l d i n g t ime l i m i t s } and were not repor t ed by the laboratory.T h e s e p r o b l e m s were avoidable and indicat ive o f inat tent ion. Any Rf/FS must providemechanisms to ensure that such errors do not recur. This is e s p e c i a l l y true whenactivities such as boring ho l e s through the Site strata which acts as an aquitard.
In May, 1985. s a m p l i n g at the Site was conducted by M c K e s s o n EnvironmentalServices, Inc. (MES). The s a m p l e s were analyzed f or organic pr ior i ty p o l l u t a n t s . Thedata f r o m thi s s a m p l i n g event has been inc luded as part of T a b l e ( ). This was the firsts a m p l i n g event that i n c l u d i n g s a m p l i n g and analysis cf s l u d g e s , ground and sur facewater for other than PCP content . A n a l y s e s i n c l u d e d P C P , p o i y n u c l e a r aromatics
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( P N A ) , c h l o r i n a t e d v o l a t i l e organic c o m p o u n d s ( V O A - C L ) , a n d v o l a t i l e aromaticcompounds ( V O A - A R ) .
S l u d g e and soil s a m p l e s c o l l e c t e d d u r i n g t h i s s a m p l i n g event e x h i b i t e d varyingc onc en t ra t i on s of PCP and PNA compound s . PCP was d e t e c t ed at the par t s p e r"m i l l i o n ( p p m ) Cricket S p r i n g channel. P N A concentrat ions a t t h e par t s p e r b i l l i o n ( p p b )level were de t e c t ed in the Birmingham we l l .
On May 15, 1936, MMI entered into an A d m i n i s t r a t i v e Order on Consent withRegion V I o f t h e Environmenta l P r o t e c t i o n A g e n c y ( E P A ) . A R I / F S Work P l a n w a sprepared for MMI by GMI in accordance with that Consent Order.
On December 1 , 1 9 8 6 , GMI d e v e l o p e d a RI/FS pain.%
On May 6 ,1987, CAI took s a m p l e s at the Site.
O n J u n e 1 , 1 9 8 7 , C A I d e v e l o p e d a n a l t e rna t iv e R I / F S P l a n .

1.1.4 C r i t i c i s m of GMI-MMi Ri
The object ive of the GMi-MM! Remedial I n v e s t i g a t i o n (Ri) was stated by GMI to beto d e t e rmine fully the nature and ex t ent of tho threat to p u b l i c h e a l t h , w e l f a r e or theenvironment caused by the re lease or t h r e a t e n e d release of p o l l u t a n t s f r o m the site.U n f o r t u n a t e l y , t h e ( R I ) p l a n o f f e r e d b y G M I - M M l does n o t meet t h e s ta t ed ob j e c t ive s . I na d d i t i o n and most i m p o r t a n t l y , a s u b s t a n t i a l risk to the environment is posed by someo f t h e p l a n ' s a c t i v i t i e s (many p e n e t r a t i o n s o f u n d e r l a y i n g s t r a t a ) . T h e p r i m a r yo b j e c t i v e s d e f i n e d by GMI- MM! for the RI and some of the more obvious reasons whythe work p lan fall s short f o l l o w s :

O b j e c t i v e : To characterize the wastes pre s ent a t th e Si t e , i n c l u d i n g Ident i fy ing thelocations and p r o b a b l e quan t i t i e s of s u b s u r f a c e wastes through the use cf g e o p h y s i c a lmetnods.
S h o r t c o m i n g : G e o p h y s i c a l m e t h o d s are a n c i l l a r y and will not prov ide e i ther aqualitative or quantitative descript ion of organic wastes on the S i t e , such as creosoteor p e n t a c h l o r o p h e n o l (PCP). W e b s t e r d e f i n e s g e o p h y s i c a l as r e l a t i n g to, or based ong e o p h y s i c s and g e o p h y s i c s a s the p h y s i c s o f the earth Including the f i e ld s o fm e t e o r o l o g o y . h y d r o l o g y , o c e a n o g r a p h y , s e i s m o l o g y , v o l c a n o l o g y . m a g n e t i s m ,radioact ivi ty and geodesy. N o n e of the s e d i s c i p l i n e s are d i r e c t l y a p p l i c a b l e to thede t erminat i on of t y p e or quant i ty of organic wastes.
QbJfi£liMfil To evaluate the hydrogeologic conditions at the S i t e , I n c l u d i n g Identifyingall local a q u i f e r and aqui tards .
ghor i c omir ig i The area of the Site Is laced with s inkho l e s and a honeycomb ofconnecting pas sageways . The RaiEroad removed all the t o p s o i l and exposed thel ime s t one base over 50 years ago. It is i m p o s s i b l e to identify all local a q u i f e r s andaquitards. Even if th i s goal were r ea l i z ed , It should be a p p r e c i a t e d that there would be

c
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l i t t l e b e n e f i t in that any p e n e t r a t i o n s ( w e l l s ) or excavation w o u l d / c o u l d a l t e r t h eaquitards and t h e r e f o r e the aqui f er s .
A more reasonable approach is to determine, In a non-destructive way if po s s ib l e , the „major a q u i f e r p o t e n t i a l l y a f f e c t e d b y res idues f r o m p l a n t operat ions .
O b j e c t i v e : To d e t e r m i n e the hor i z on ta l and vertical d i s t r i b u t i o n o f g r o u n d - w a t e rcontamination in the aqui f er s beneath the site.
S h o r t c o m i n g : It is very l i k e l y that these goal s can be met in a s u b s t a n t i a l way wi thouta d d i t i o n a l d e s c r i p t i o n o f the aqu i tard; however, It i s not the a q u i f e r under the Sitewhich is of major concern. The aqui fer radiating from the Site is of major concern.
1.5 D e s c r i p t i o n of W o o d T r e a t m e n t T e c h n i q u e s

T h e G M I - M M I R l / F S work p l a n de s cr ip t i on o f S i t e Operations a n d Practicescontains s u b s t a n t i a l errors wi th re spec t to the o p e r a t i o n of a wood treatment p l a n tu t i l i z i n g p e n t a c h l o r o p h e n o l (PCP) and creosote. T h e r e f o r e , t h e f o l l o w i n g d i s cu s s ion i so f f e r e d as an e x p l a n a t i o n of the proces se s u t i l i z e d by the wood t r e a t i n g i n d u s t r y ingeneral and AI and MMl in s p e c i f i c s . The discussion is relevant to practices through1984 when MMl d i s c o n t i n u e d operat ions .
W o o d pr e s e rva t iv e s used at the Site were o i l-based mix tur e s of e i t h e rp en ta ch l o ropheno l or creosote. T h e s e mixtures were used to treat wood for thep r e v e n t i o n of decay and d e t e r i o r a t i o n which occurs as a r e su l t of weather , soilc o n d i t i o n s , or the i n f e s t a t i o n by organi sms such as insects and f u n g i .
Coal tar creosote came Into use for wood treatment in 1839 with the deve lopmentof the B e t h e l l full cell pressure tr ea tment process. The lumber or po s t s are enclosed ina c y l i n d e r and s u b j e c t e d to an initial vacuum to remove air and water f r o m the woodc e l l s , f o l l o w e d by Injec t ing creosote Into the wood under pressures varying f r o m 125-200 pounds per square inch (PSI) at temperatu.ss of 180-21OT. Treatment continuesu n t i l the wood is saturated wi th creosote. Pressure is then re l ea s ed , the c y l i n d e rd r a i n e d , and the wood removed.
Treatment processes relevant to the Sitd (the Lowry and the R e u p l n g ) wered e v e l o p e d in the early years of t h i s century. T h e s e are e m p t y cel l t r ea tment s In whichthe excess preservat ive is removed f r o m the wood c e l l s when a final vacuum phase isadded to the process, l eav ing the wood c e l l s coated rather than fil led with treatmentsolution. Since less preservative was used, overall treatment costs were s i g n i f i c a n t l yreduced.
tn the Lowry Process, the preservative is i n j e c t e d into the wood In the treatmentvessel under high pressure and temperature conditions. The air naturally present inthe wood Is compressed in the i n j e c t i o n process. To c ompl e t e the treatment process,the pressure is released and the .cylinder drained. The excess preservative Is forcedout of the wood by expansion of the compressed air. The only major variation In theR e u p i n g Proce&s is an initial app l i ca t i on of pressure In the range of 25-75 psi prior tof l o o d i n g th e c y l i n d e r with creosote.
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S o l u t i o n s of creosote wi th crude coal tar or p e t r o l e u m o i l s are e f f e c t i v e and les sc o s t l y for wood t r ea t ing . As a r e s u l t , creosote pressure a p p l i c a t i o n s by the e m p t y eel!method have p r e d o m i n a t e d in the railroad i n d u s t r y since the 1920' s .
P e n t a c h l o r o p h e n o l (PCP) was a v a i l a b l e for use as a b u l k wood preservativesince 1947 for commercial wood pre s ervat ion purpo s e s . It is a p p l i e d in heavy to lightp e t r o l e u m carriers or s o lv en t s by pres sure me thod s s imi lar to those used for creosotetreament.
The de scribed treatment chemical s are commonly used for u t i l i ty p o l e s , lumber ,pos t s and numerous o ther wood produc t s . Few If any railroad ties are treated withPCP because It Imparts b r i t t i e n e s s to the wood causing excessive wear and splittingf r o m the repeat ed compre s s i on and expans ion.
In 1981, 98% of wood t r e a t i n g done c o m m e r c i a l l y in the U n i t e d S t a t e s was by thepre s sure process . Al and MM! used the pres sure process. AH pressure trea tmentproces se s are conduc t ed wi th s i m i l a r equ ipmen t and techniques. The wood to betreated Is l oaded onto trams. T h e y are connected in series to f i t the l e n g t h of thecyl inder . T h e y ar e pu&he ' j into t h e cyl inder . The c y l i n d e r Is sealed v ia a pre s sur e- t igh tdoor and the t r ea tment cycle i s i n i t i a t e d . The t o ta l l e n g t h of t ime for tr ea tment varieswith the s p e c i f i c t y p e o f wood pre s erva t ive s o l u t i o n , proces s , e n d - p o i n t product use,and other f a c t o r s such as wood mois ture content. At the end of the cycle the t r e a t i n gs o l u t i o n i s p u m p e d to s torage tanks for l a t e r re-use, the door Is o p e n e d , and thetreated material on tram cars is p u i l e d f r o m the cy l inder . The tram cars are moved to at r a n s f e r p o i n t and the wood i s o f f - l o a d e d and stacked for s torage a n d / o r s h i p m e n t .The l e n g t h o f t ime between wi thdrawal f r o m the c y l i n d e r and o f f - loading can vary f r o ma few minute s to a day or more.
Most of the wood produc t s u t i l i z ed for the pressure processes must undergosome f o r m of p r e t r e a t m e n t to reduce moisture to a p r e d e t e r m i n e d p e r c e n t a g e ofresidue. T h i s improves the service l i fe of the preservative chemical s and permit s thewood to accept the t r ea tment s o lu t i ons in sufficient concentration to meet p e r f o r m a n c es p e c i f i c a t i o n s . A me thod of p r e t r e a t m e n t ava i lab l e at the Site was a steam andvacuum tr ea tment S t e a m c o n d i t i o n i n g was f o l l o w e d by a vacuum to remove theexcess moisture. The process was commonly used for p r e t r e a t i n g southern p i n edur ing e i ther the creosote or PCP oilborne preservative systems.
The fu l l c e l l t r ea tment proces s Is only used with creosote when maximumpreservative r e t e n t i o n is required. The empty cell processes control the quant i ty ofpreservative retained In the wood and provide a better penetrat ion d e p t h with acleaner surface.
Creosote remains tne primary wood preservative used in the U n i t e d State*. 11 isd e f i n e d by the indu s t ry today as a d i s t i l l a t i o n product of coal tar produced by the h i g ht empera tur e carbonization of b i tuminous coal, it has a b o i l i n g range of 390'F toa p p r o x i m a t e l y 750*F. Other q u a l i t y control s p e c i f i c a t i o n s such as s p e c i f i c gravity,water content , etc. have been e s t a b l i s h e d by the I n d u s t r y . Creosote is composedp r i n c i p a l l y o f h igh er mo l e cu lar weight aromatic hydrocarbons In add i t i on to tar acids
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and bases. This preservative has 200 or more i d e n t i f i e d c omponen t s , but less than 20are present in amounts exceeding 1%. It is e s t imated that 10,000 or more compoundsare present in creosote. C o m p o s i t i o n s vary with batch lo t s , d e p e n d i n g on the coalsource and p r o d u c t i o n c o n d i t i o n s . The ma jor c o m p o n e n t s o f t y p i c a l s a m p l e s are,phenanthrene (21%), f l u o r e n e and f luoran thr ene (each 10%) and acenaphthene andpyrene (each about 9%).

Creosote is used d ir e c t ly or in combination with coal tar or p e t ro l eum oil.Commonly , it Is mixed wi th a " t o p p e d " coal tar to increase the heavy aromatic contentand t o x i c i t y to soil or marine organisms in add i t i on to other phys i ca l or chemicalproper t i e s desired of wood treatment. "Topped" coal tar has had the l ight boi l ingf r a c t i o n removed by d i s t i l l a t i o n . The p er c en tage of " t opped" coal tar used varies f rom20-50% to the f i n a l product blend. H i g h e r costs of pe tro l eum and related productshave a f f e c t e d b l e n d s of creo so t e / coal tar or p e t r o l e u m s o l u t i o n s are b l e n d e d to meetthe AWPA s p e c i f i c a t i o n s . It can be done at the t r ea tment p l a n t , but typically i spurchased premixed.
The quan t i t i e s and t y p e s of wood p r o d u c t s t r ea t ed in 1981 with creosote s o lu t i on sare as f o l l o w s :
Pole s
Crc s s l i a s
Lumber and T i m b e r s
Fence posts
P i l i n g s
S w i t c h t i e s
Crossarms

1,129,000 number
32,862,000 number
113,048,000 board f e e t
6,568,000 number
18,422.000 linear f e e t
76,757,000 board f e e t
93,000 number

In the late 70' s methods were deve loped for pressure treatment which u t i l i z edv o l a t i l e solvent-earners. The C e l l o n ® Process Is done with l iqu i f i ed p e t r o l e u m ga s(LPG) extract ion f o l l o w e d by pressure a p p l i c a t i o n o f PCP on d i i s o p r o p y l ether. TheDow® Process used m s t h y f & n e chloride as the solvent-earner for pentachlorophenol .Both prov ide a c leaner non-oi ly s u r f a c e l i g h t e r in color and more a e s t h e t i c a l l yacceptable.
Creosote s o lu t i on s are u s u a l l y a p p l i e d alone. However, th ey may be used aspart of a dual treatment system where s p e c i f i c addi t ional preservative proper t i e s areneeded. Mixture s of creosote and other preservatives have been used in the pas t , butare not currently used In commercial operations. Creosote containing 2% PCP hasIncreased toxici ty to soil organisms, but creates corrosion problems with treatingequipment. As a re sul t , its use is very l imi t ed .
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P e n t a c h l o r o p h e n o l use became p o p u l a r in the mid 1960's and became thesecond most c ommonly used wood preservative in tho U n i t e d S t a t e s by the 1980's.Bscords ind i ca t e that 39,730,000 p o u n d s of dry PCP was used in 1 S 7 9 . This does notinclude the sodium salt f orm used for dip and spray appl i ca t i on s to green lumber. PCPIs used p r i m a r i l y as a 5% s o l u t i o n in p e t r o l e u m s o lv en t carriers to treat p o l e s , *crossarms, l u m b e r , t imber s , f e n c e p o s t s , and o ther a p p l i c a t i o n s where a c l ean,paintable surface is not required. The pe t ro l eum carriers most commonly used forthese purpose s are the P-9 Type A or Type C oi l s . Type A Is a light oil s imi lar to diese!f u e l , type C solvent is a p e t r o l e u m f r a c t i o n with a b o i l i n g range comparable to mineralspirit s , in a few spec ial ized app l i ca t i on s , a wax water-repel lent has been added withPCP in a solvent carrier, such as T y p e C oil.

In the early 1980's use of PCP wi th , more v o l a t i l e s o lvent s , which quicklyevaporated f r o m the wood a f t e r I m p r e g n a t i o n , gave a cleaner, les s c o l or ed , andp a i n t a b l e treated sur fac e . The most common of these is a combination of LPG andether, licensed by K o p p e r s Company as the C e l l o n Process. Another vo la t i l e solventsystem, P-9 Type D uses m e t h y l e n e c h l o r i d e by the Dow Process. Both of theseprocesses, w h i l e p r o v i d i n g e x c e l l e n t r e su l t s f o r ground contact a p p l i c a t i o n uses,accounted for only a very small f rac t i on of the total POP treatments.
Only three companies m a n u f a c t u r e d PCP in the Uni t ed S t a t e s in 1981. Theywere Dow, Rei chho ld , a. id Vulcan Chemical. PCP was produced in f l a k e form or as1,000- and 2,000-pound ( c y l i n d e r s h a p e d ) blocks. Some commercial sources al sos u p p l i e d PCP a l r e a d y d i s s o l v e d in oil s o l u t i o n s d e l i v e r ed by tank truck to t r e a t i n gplants . MMi purchased PCP as oil solutions.
At larger p l a n t s , the block PCP is t y p i c a l l y d i s s o lved in oil or solvent In the t r e a t i n gcyl inder or tank, d i l u t e d to the f i n a l use concentration, and then pumped to storage.Automated f e e d h o p p e r s i l o systems are avai lab l e f or f l a k e d PCP. It i s f ed f r o m b u l kstorage m e c h a n i c a l l y to the mix tank, oil is a d d e d , and the mixture heated to d i s s o l v ethe PCP. After Qual i ty Control checks, It is pumped to storage for use as needed.Manual d u m p i n g and mix ing of f l a k e PCP f r o m bags only occurs at s m a l l e r treatmentoperat ions for l i m i t e d a d d i t i o n s to s o l u t i o n s to bring PCP concentration up to therequired minimum strength. Al only used sacks of f iaked PCP.
Commercial PCP m a n u f a c t u r i n g re su l t s In the f o r m a t i o n o f secondary reactioncontaminants such as the tri- and tetra- ch l oropheno l isomers, chlorinateddibenzoc t iox ins , d i b e n z o f u r a n s , and phen^xyphenol s . To a much lesser ex t ent , this Isalso true of the Dow C h e m i c a l , Dowicide EC-7. This has been s p e c i f i c a l l y processedto remove most of the side reaction j i o x i n compounds of environmental andoccupational concern. C o m p o s i t i o n a l data on PCP and the Dowicide EC-7 an? shownIn the t ab la below.
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C O M P A R I S O N O F C O M P O S I T I O N O F C O M M E R C I A L G R A D EA N D P U R I F I E D G R A D E P E N T A C H L O R O P H E N O L ( P C P )

Componen t
P e n t a c h l o r p h e n o lTetrach loropheno lT r i c h l o r o p h e n o lC h l o r i n a t e d p h e n o x y p h e n o l sOctach lorod iox in sH e p t a c h l o r o d i o x i n sH e x a c h l o r o d i o x i n sO c t a c h l o r o d i b e n z o f u r a n sH e p t a c h l o r o d i b e n z o f u r a n sH e x a c h l o r o d i b e n z o i u r a n s

Commerc ia l*(Dowic ide 7)

88.4 %4.4 %0.1 %6.2 %2500 ppm125 ppm4 ppm80 ppm80 ppm30 ppm

P u r i f i e d 6

(Dowic id e EC-7)

89.8 %10.1 %0.1 %
15.0pprn6.5 ppm1.0 ppm1 .0 ppm1.8 ppm1 .0 ppm

^Technical grada PCP reduced by d t l i i t a t i w
Because of increased costs for the PCP d i s t i l l a t i o n , Dow Chemical d i s c o n t i n u e dthe m a n u f a c t u r i n g of the EC-7 product l ine. The EPA P o s i t i o n Document-4 on WoodPreservat ive P e s t i c i d e s ( J u l y 1984) discusses t h e chemical i n d u s t r y ' s a b i l i t y , b u tresistance to p r o d u c i n g an e n v i r o n m e n t a l l y s a f e produc t . This re luc tance hasIndirect ly c on tr i bu t ed to the p o t e n t i a l p r o b l e m s at the Site.

Creo s o t e and S o l u t i o n s o! C r e o s o t e
Creosote is a d i s t i l l a t e f ra c t i on f r om coal tar, a by-product in the conversion ofcoal to coke, which is used in the m a n u f a c t u r e of s teel. H o w e v e r , the chemicald i s t i l l a t e creosote is a coal-derived p r o d u c t wi th a s p e c i f i c b o i l i n g range of 300* to700T.
In commercial wood t r ea tment p l a n t s , the dis t i l late material can be used s o l e l ybut, in most t r e a t i n g op e ra t i on s , creosote is b l e n d e d with coal tar, tar bo t toms , and/orheavy o i l s ; these may be of coal or p e t r o l e u m origin. A l t h o u g h all are referred to ascreosote, there are s i g n i f i c a n t compos i t ional variations between plants . The coalu t i l i z e d in the coking process can also affect both the c ompo s i t i on of the coa! tar andcreosote derived. No s p e c i f i c d e t a i l s are ava i lab l e t h r o u g h the l i t e r a t u r e or I n d u s t r ysources.
There is a sub s tant ia l body of c o m p o s i t i o n a l and general i n f o r m a t i o n available oncreosote d i s t i l l a t e s and commercial blends used In wood treatment processes (Lorenzand G j o v i k , 1972 as citeo in EPA PD-2/3 on Wood Preservative Pe s t i c i d e s , 1981). h isknown that they contain some of the aromatic amines and ni trogen compounds ofo c cupa t i ona l concern for la t en t hea l th e f f e c t s , such as skin, l u n g or b laddercarcinomas. Sulfur c ompound s are also pre s en t , but little data is avai lab l e onconcentrations In creosote. T h e s e have been shown by some inves t igat ions to act asaccelerators or promoter s of the carcinogenic proces s in laboratory animal s tudie s( N o r t o n , 1861; U j i n s k y , 1957).

c
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Data on the c o m p o s i t i o n and d i s t r i b u t i o n of aromatic and p o l y n u c l e a rhydrocarbons i n d i c a t e s a s i g n i f i c a n t percentage of the 3 to 5-ring fu s ed compounds(Lorenz and G j o v i k , 1972; Combes , 1954). W h i l e many have been s p e c i f i c a l l yi d e n t i f i e d , there is a pauc i ty of quantitative data on the two most potent carcinogens of"these chemical g r o u p s ; i.e., benz (a) pyrene and d ibenzanthracene .
The variety o f b l e n d e d mat e r ia l s used f or creosote t r e a t i n g would r e a l i s t i c a l l yprec lude q u a n t i f y i n g the range of these s p e c i f i c known carcinogenic compounds in thecommercial mixtures. More i m p o r t a n t l y , th i s type o f s p e c i f i c PNA analys i s in the pasthas not provided a more reliable index of potent ia l skin contact or inhalat ion hazardthan t o t a l benzene e x t r a c t a b l e organic s because i n d i v i d u a l c o m p o u n d s in thecreosote mixtures, i n d e p e n d e n t l y or in combination, can act as carcinogens d ire c t ly , oras accelerators, p r o m o t e r s , and carcinogenic inhibi tors .
Direct skin contact with creosote, if not p r o p e r l y removed, r e s u l t s i.. chemicalburns . The Pest ic ide Exposure Response S y s t e m of EPA contains a number ofrepor t s of skin erythema and f r e q u e n t chemical burns in personnel h a n d l i n g creosote-treated wood products. Skin burns and a l l e r g i c reactions from creosote contact havealso been repor t ed in a survey of the accident hi s tory of f i f ty pressure t r e a t i n g p l a n t s( J o h n s o n , 1978a; M c M i l l i a n , 1976).
The occupational l imi t s in i:se as a guide for hea l th risk control purpo s e s arebased on c o m p o s i t i o n and uses, b o i l i n g range and p l a n t e xp er i enc e . T h i sconservative approach is based, in part , on historic human experience related to thec ompound s and mix ture s pre s ent in creosote, and on stack wax and o ther indus tr i e sand occupations (Mauro, 1951; Shambaugh, 1935; Combes, 1954).
A number cf occupat ional exposure surveys to creosote materials in woodt r e a t i n g o p e r a t i o n s have been c onduc t ed . S o m e were N i O S H H e a l t h H a z a r dEvaluations (Markel era/. , 1975, 1977). Others done in late 1978 and 1979 by thewood t r e a t i n g i n d u s t r y were in response to the EPA-RPAR on the wood preservativepesticides. G e n e r a l l y , the data indicate that most personal exposures do not rout inelyexceed the current coal tar p i t c h v o l a t i l e (CTPV) occupat ional s tandard of 0.2 mg/m 3 .There were a few high values reported which the investigators f e l t were due to samplecontaminat ion. A l l t h e creosote exposure da ta generated I n both t h e H e a l t h HazardEvaluations and indus try s tudies u t i l i z e d the NiOSH cyciohexane extractiongravimetric procedure. T h a t data ind i ca t e s the per sonnel mo~t exposed are thoseworking adjacent to the pressure cylinders during the opening, wood removal, and re-f i l l ing tasks. Other more remote personnel a s s i s t ing in l o a d i n g and u n l o a d i n g , s or t ingtimber, etc., appeared to have less exposure , and these were cons i s t en t ly well belowthe l i m i t s f or benzene s o lub l e airborne par t i cu ta t e s .
Creosote is commonly handl ed and contro l l ed occupational^ as t h o u g h s imilar tocoal tar in heal th e f f e c t s as a contact irritant, p h o t o s e n s i t i z e s and po t en t ia l carcinogenwith routine, p r o l o n g e d contact, or i n h a l a t i o n . T h e r e Is neither po s i t ive nor negativehuman experience data in the wood tr ea t ing industry to indicate that additional cr lessrestrictive exposure control is a p p r o p r i a t e .
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P e n t a c h i o r o p h e n o l

The c o m p o s i t i o n o f t e c h n i c a l g r a d e POP i s a p p r o x i m a t e l y 90%p e n t a c h l o r o p h e n o l . The tri- and tetra- homolog s comprise most of the remaining 10%.Dioxins and d i b e n z o f u r a n s have also been q u a n t i f i e d as s ide reaction p r o d u c t s /however, they are present at less than one percent (Buser and Bosshardt, 1976;J o h n s o n , 1978c).
The a^ute t o x i c i t y e f f e c t s r epor t ed f r o m p l a n t exper i ence wi th POP exposure areb a s i c a l l y a t t r i b u t a b l e to the p e n t a c h l o r o p h e n o l and the tri- and t e t r a c h l o r o isomersecondary reaction products rather than the dioxins or d ibenzofurans . The materialused in the t r ea tmen p l a n t has been shown to be toxic by both I n h a l a t i o n and dermalabsorption in a d d i t i o n to its skin i r r i t a t i n g and pho t o s en s i t i z ing properties.
A number of acute o c c u p a t i o n a l and non-occupat ional cases of p o i s o n i n g haveoccurred, several of which have been f a t a l ( G o r d o n , 1956; Menon, 1958). The acutecases do cument ed have occurred in a p p l i c a t i o n s where there was s i g n i f i c a n t contactand/or close p r o x i m i t y to obvious airborne sources such as when spraying solut ions ofp e n t a c h l o r o p h e n o l for wood pre s ervat ive surface treatment and in dipping operat ions .Most i n c i d e n t s p r e d a t e th e mid 1960' s . A la t e r do cument ed acute e p i d e m i c alsooccurred when the mater ia l was i n a d v e r t e n t l y used as a d i s i n f e c t a n t ( A r m s t r o n g ,1969). In that ins tance , the s y m p t o m s which occurred were f r o m skin absorption andresulted in the death of two i n f a n t s . Other short-term e f f e c t s publ i shed include eye andu p p e r r e sp i ra t o ry i r r i t a t i o n f r o m the emissions o f hot t r e a t i n g so lut ions.
S e v e r e d e r m a t i t i s and n e u r o l o g i c a l d i s t u r b a n c e s have been noted In humansf r om chronic skin or i n h a l a t i o n exposure. Typical ly, the f ir s t s y m p t o m s are bronch i t i sa n d / o r chloracne. G e n e r a l l y , when chronic s y m p t o m s occur, the recovery time isl e n g t h y and can require up to a year (Baader and Bauer, 1 9 5 1 ) . Other med i ca lproblems which have been reported in man are reduction in l i b ido and central nervoussystem e f f e c t s . The l a t t e r are somewhat les s certain since, in most instances, theexpo sure s were not e x c l u s i v e l y to POP ( C a m p b e l l , 1952).
The symptoms observed in man f r o m excessive acute or chronic o c cupat ionalexposures and accidental po i s oning have basical ly been d u p l i c a t e d in animals(Deichman, 1942; K n u d s o n , 1974; G o l d s t e i n , 1977). The commercial product hasbeen shown to be h i g h l y toxic by f n g d s t i o n , inhalation, skin contact, and absorption forseveral species. T h e r e are no animal data i n d i c a t i n g that t e chnical grade PCP iscarcinogenic. S t u d i e s have been done at die tary l ev e l s of up to 30 m g / k g per day forrodents with no s i g n i f i c a n t increase in the incidence of tumors for the full l i f e t i m e of theanimal s ( S c h w e t z , 1973; J o h n s o n , 1978c). S i m i l a r re sul t s were obtained with mice.Dermal a p p l i c a t i o n s did not promote turnorigenic activity when used in conjunctionwith a known carcinogen in a s ing l e a p p l i c a t i o n (Boutwei! and Bosch, 1959).
P e n t a c h i o r o p h e n o l was inc luded in the NO! Bio-assay Program. No dataind i ca t ing that PCP or the predominant secondary reaction produc t s have s i g n i f i c a n tbiological activity (NCl, 1978) has been received.
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In c o n t r a s t , i t has been d e m o n s t r a t e d to be t e t o t o x i c , causing s i g n i f i c a n tanomalies ( S c h w e t z , 1974b; Hinkle. 1973). This da ta i s f r o m s tudie s of pregnant ratsf ed the material at di f ferent l ev e l s d u r i n g the cri t ical s tages of g e s ta t i on . S o m e of theminor s ide react ion p r o d u c t s in POP are known to be embryo tox i c and p o s s i b l yieratogenic when admini s t ered o r a l l y to rodent s ( S c h w e t z ef a/., 1973).
in past occupational exposure s tudie s conducted at wood treatment p l a n t s ,s i g n i f i c a n t tasks of concern were typically i d e n t i f i e d as the short in t erval s of exposure soccurring when open ing pressure cyl inder s or empty ing bags of PCP to make upt r e a t i n g s o l u t i o n s . N o n e o f t h e d a t a , t h o u g h r e l a t i v e l y recent, describe p o s s i b l econtributions f r o m skin contact. Some reports discuss work practices and skinp r o t e c t i o n and h i s t o r i c causes of skin p r o b l e m s , such as ch ioracne orp h o t o s e n s i t i z a t i o n .
S o m e of the o l d e r o p e r a t i o n s such as Al u t i l i z e d PCP received in bags forp r e p a r i n g t r e a t i n g s o l u t i o n s . By 1980, thi s was done only to a l i m i t e d e x t en t andp r i m a r i l y at p l a n t s with i n f r e q u e n t or minimal use, PCP in bags was used at a fewplant s to provide the addi t i onal poundage for one and two thousand blocks for makingup a s p e c i f i c s t r e n g t h t r e a t i n g s o l u t i o n based on the volume of oil or so lvent . F l a k e dmaterial , now commonly avai lab l e de l ivered in bulk truck-lots at commercialopera t i on s , i s conveyed in e s s e n t i a l l y closed systems with a p p r o p r i a t e dust c o l l e c t i o n ,to mix tanks for bu lk s o l u t i on b l end ing .

1 , 6 S i t e O p e r a t i o n s a n d P r a c t i c e s S p e c i f i c t o t h e A l / M M I S i t e
Two wooo pre s erva t ive mix ture s were used at the Site. The wood pre servat iveused f r o m 1962-1965 was e x c l u s i v e ly a mixture of 50% creosote and 50% No. 6 roadoil . B e g i n n i n g in 1 9 6 5 , a s i z e a b l e p e r c e n t a g e o f p o s t s were t r ea t ed w i t hp s n t a c h l o r c p h e n o l (PCP) mixed with wood treat ing oil (#3 diesel f u e l with asu spens ion a d d i t i v e ) to give a 5% wood t r e a t i n g s o l u t i o n (5% PCP and 95% oi i). Bothpreservative mixtures were a p p l i e d in the same manner In the wood treatmentprocess. The treatment process cons i s t ed of a s i n g l e pr e s s ur e- cy l inder in which thewood was treated.
The amount of wood ins ide the t r e a t i n g c y l i n d e r was c a l c u l a t e d in cubic f e e t .Normal treatment for f e n c e p o s t s , as recommended by the American Wood P r e s e r v e r ' sAssoc ia t ion (AWPA), was to retain 6 p o u n d s of wood t r e a t i n g mixture for each cubicfoo t of wood treated. The s p e c i f i c gravity of the wood treating mixture is 7.7 to 7.8pounds per g a l l o n , d e p e n d i n g on t emperature . T h e r e f o r e , for each cubic f o o t of woodin the treating cyl inder, th© wood must retain 0.77 gal lons of wood treating mixture.
An operational expec ta t ion of MMl was that the wood would retain the properamount of preservatives when 2 1 / 2 times the ca l cu la t ed required amount of t r ea t ingmixture was I n t r o d u c e d under pressure in the treatment cylinder. After maximumpene t ra t i on of the t r ea tment chemical s into the wood was ob ta ined , the pressurec y l i n d e r was drained of preservative and the cy l inder was put under a vacuum to drawany excess treatment mixture out of tho wood co l l s . For e x a m p l e , treatment cylinderwas evacuated to a vacuum equal to 25 inches of mercury for a period of 45 minutes toone hour,

o
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1.7 Operat ions R e s u l t i n g In C o n t a m i n a t i o n with POP and Creosote
The treated wood was then removed from the pressure cyl inder and transportedto the yard for s torage or s h i p m e n t . The treated wood d r i p p e d , e s p e c i a l l y in hotweather when maximum trea tment had been e f f e c t e d , for e x a m p l e to meet F e d e r a ls p e c i f i c a t i o n s . T h i s d r i p p i n g and exposure to dust and rain would be expected toresult fn general c on tamina t i on of the area.
The t r ea tment room contained a recessed work area around the t r ea tmentcylinder. The recessed area drained into a sump. The sump contained waste f r o m thetreatment cy l inder , s l udge drained from the recessed work area, and water f r omleaking p i p e s . The wastes were p u m p e d f r o m the sump Into the t op o f a s epara t i ontank east of the treatment room, see Figur e ( ).
The t r ea tment room was washed down p e r i o d i c a l l y to remove any oil film orresidue on the f l o o r . This wash water dra ined in to the sump and was p u m p e d Into awastewater h o l d i n g tank. W h e n full, the h o l d i n g tank was set on a forklif t or t r a i l e r ande m p t i e d as the tank was driven around the yard. This is a source of generalcontaminat ion and the most likely source cf c on taminat i on in the wood ch ip p i l e , seeF i g u r e ( ).
S o m e waste oi l f r o m clear, up o p e r a t i o n s In the t r ea tment area was alsodepo s i t ed in a "Sinkhole" located near the t r ea t ing cy l inder room. Disposal to theS i n k h o l e was d i s c o n t i n u e d when the w a l l s c o l l a p s e d and it would no l o n g e r receivematerial. The S i n k h o l e was concreted over in 1981 at the request of the A D P C & E .
C o n t a m i n a t i o n also occurred in areas in a d d i t i o n to the S i n k h o l e : Oil s l u d g e wasdumped into a "Railroad Ditch Pit" located !n the railroad right-of-way north of thetreatment c y l i n d e r and t r e a t i n g room. P e r i o d i c a l l y the o i ly s iudge in the d i t c h would beburned. Other areas inc luded the "Ash Pile" (ashes f r o m a wood-fired boi l er locatedin the treatment room), the t r o l l e y tracks l e a d i n g away f r o m the treatment cy l inder andin yard areas used to store treated wood products .

1.8 N a t u r e and E x t e n t of P r o b l e m
T y p e s and A m o u n t s of Waste s

The product mix (crecsote-treated products versus PCP-Keated produc t s) variedf r o m year to year d e p e n d i n g upon consumer demand, both treatment p r o d u c t s aremajor sources of the oily s l u d g e f o u n d In the Sinkho l e .
Not enough is known about the d imens i on s and c ompo s i t i on of the d i s p o s a lareas to provide a reliable estimate of the total quantity of wastes remaining. A soilboring d r i l l e d at the S i n k h o l e in 1985 showed a f o u r - f o o t thickness of a oiiy s l u d g o tobe present.
Previous Site i n v e s t i g a t i o n s have i d e n t i f i e d several Site l o ca t i on s that could actas sourses by releasing contaminants to the environment. A S i t e inspection by the
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EPA in July, 1986, d e t e r m i n e d that m a l H a l s were present in the ground between thep l a n t entrance and the t r ea tment faci l i ty. A c c o r d i n g to Mr. Bob Barker of MMi, thesemater ia l s are uncon tamina t ed wood shav ings that r e su l t ed I r o m shav inp and p l a n i n gthe raw wood b e f o r e t r ea tmen t . This area is not t h o u g h t to r epre s en t a p o t e n t i a lsource of c o n t a m i n a t i o n and t h e r e f o r e has not been i n c l u d e d in the sourcecharac t er i za t i on ac t iv i t i e s of the s a m p l i n g p l a n , but the area wi l l be s a m p l e d as part ofthe large scale gr id .

S o i l s a m p l e s were taken under t h e "Wood C h i p Pile" f r o m thre e d i f f e r e n tl o ca t i on s d u r i n g J u n e , 1935 a f t e r a l l o p e r a t i o n s a t t h e S i t e h a d ceased ( A p p e n d i x I ) .The ana ly t i ca l r e s u l t s showed POP to be present in c oncen tra t i on s of 0.5 p p m , 2.1p p m , and 170 ppm ( p a r t s per mill ion). In 1986, the sawdust p i l e had a sur face ares ofa p p r o x i m a t e l y 2100 square f e e t and an average d e p t h of six to nine inches. Thisr e s u l t s in a t o ta l vo lume for the wood c h i p p i l e of l e s s than 60 cubic yards.Additionally, wood c h i p s are s ca t t e r ed about the nor th ea s t e rn corner of the p r o p e r t y .The d e p t h and extent of the s e wood c h i p s i s s t e a d i l y d i m i n i s h i n g and was e s t imat edby CAI as 40 yards in May of 1987.
Data ar e a v a i l a b l e f o r 1981 f or th e amount o f chemica l s purchased by MMi; (1)52,595 g a l l o n s of creosote; (2) 217,900 g a l l o n s of wood t r e a t i n g o i l ; and (3) 159,500p o u n d s of PC?. Mr. Barker has e s t ima t ed that 500 g a l l o n s of u n c o n t r o l l e d waste weregenerated in 1981 by GMI-MMI at the Site.
In summary, wastes f r o m the wood treatment processes at the Site were d i s p o s e dcf by t e chniques of convenience. Loca t i on s i n c l u d e the S i n k h o l e , the Railroad DitchPit and th e Ash Pi l e . Vi sua l ly c on tamina t ed material i n c l u d e d debris a l o n g th e bankabove the ra i l r oad track and "Yard Area". L i q u i d wastes ( c o n t a i n i n g P C P - o i l wastem i x t u r e ) were sprayed on the yard and on top of the Wood C h i p Pile for dust controlpurpose s .

1.9 E v a l u a t i o n o f P o t e n t i a l I m p a c t s
In order to a d e q u a t e l y eva lua t e the current and f u t u r e impac t s o f environmentalc o n t a m i n a t i o n f r o m wood t r ea tmen t p r o d u c t i o n , the i n d i v i d u a l waste charac t er i s t i c smust be evaluated in the context of s p e c i f i c micro and macro environmenta l s e t t i n g s .This task is s i m p l i f i e d because the contaminants at the Site are l i m i t e d to residues ofcreosote, P C P , and wood t r e a t i n g oil.

R e g i o n a l C l i m a t o l o g y
The Site receives a p p r o x i m a t e l y <j inches of p r e c i p i t a t i o n per year. December.January a n d F e b r u a r y a r e t h e dries t months. T h e wettest months * • • - - ' ~ ; n A p r i l t oJ u n e . P r e c i p i t a t i o n is g e n e r a l l y well d i s t r i b u t e d throughou t the y •-,: .>:.- shown inF i g u r e ( ). P r e c i p i t a t i o n of a t en th of an inch or more occurs on an a v ^ ' ^ - on ona dayout of f i v e . One or more snowstorms occur every winter, but the snow cover g e n e r a l l ydoes not remain for more than a few days. On an average, f rom 9 to 10 inches cf snowf a i l s wach season (National Data Cente^, A s h v i l t e , North Carol ina).
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summers are lonq £nd warm, witn minimum nightt im© temperatures in themid-60' s ( d e g r e e s F a h r e n h e i t ) . The d a y t i m e t e m p e r a t u r e s reach 100 d egre e s orh i g h e r I n most summers, wi th average d a i l y maximum t empera tur e s I n t h e h i g h 8 0 ' sa n d 9 0 ' s , T h e winters a r e g e n e r a l l y m i l d , with t h e t e m p e r a t u r e s f a i l i n g t o b ' ' o w zero,,about every o ther ysar. Dai ly maximum d a i l y t empera ture s have never been as 'ow as~0", Minimum temperatures of 0* or below on any season do / si prevail for metre thana few days.

S i t e a n d R e g i o n a l G e o l o g y
Recant advancements in a p p l i e d geophysic s have produced equipment andt e c h n o l o g y which ate e a s i l y acce s s ib l e to p r o f e s s i o n a l c o n s u l t a n t s , i n d u s t r y andgovernment t h r o u g h several r e l i a b l e m a n u f a c t u r e r s a n d s c i e n t i f i c e q u i p m e n ts u p p l i e r s .
The f i e ld p o r t a b i l i t y , c o s t - e f f e c t i v e n e s s , and a b i l i t y to co l l e c t data which does notrequire o b t a i n i n g actual s a m p l e s o f s u b s u r f a c e m a t e r i a l p r o v i d e s severalc o n s i d e r a t i o n s f o r i n c o r p o r a t i n g s u r f a c e g e o p h y s i c a l surveys in to g r o u n d w a t e rc o n t a m i n a n t i n v e s t i g a t i o n programs. As part o f t h e p r e l i m i n a r y Si t e i n v e s t i g a t i o n ,s u r f a c e g e o D h y s i c a l surveys may be conduc t ed to identify p o t e n t i a l t r end s oranomalous a- ^s prior to s e l e c t i n g the l o ca t i on s of s a m p l i n g po in t s for the mon i t o r ingsystem. UtilL -a g e o p h y s i c a l surveys to screen areas of inve s t iga t i on will increase thee f f e c t i v e n e s s o f the m o n i t o r i n g sys tems and site e va lua t i on by p r o v i d i n g ag e o p h y s i c a l - d a t a base for c orr e la t i on wi th s a m p l e s obtained in the f i e ld and analy t i ca ldata f r o m the laboratory.

S u r f a c e G e o p h y s i c a l S u r v e y T e c h n i q u e s
T h i s d i s cu s s i on i n c l u d e s f i v e o f the most w i d e l y usr.d t e chnique s for c o n d u c t i n ggroundwater contaminant i n v e s t i g a t i o n s . T h e y are characterized by r e l a t i v e l y s i m p l eopera t i ona l p r i n c i p l e s , f i e l d pro c edure s , and data analyse s and I n t e r p r e t a t i o n * Thef i v e s u r f a c e t e c h n i q u e s i n c l u d e : s e i smic r e f r a c t i o n , ground p e n e t r a t i n g .radar,e l e c t r i c a l r e s i s t i v i t y , e l e c t r o m a g n e t i c c o n d u c t i v i t y a n d m a g n e t o m e t r y . S e i s m i cr e f r a c t i o n and ground p e n e t r a t i n g radar both identi fy sub sur fa c e in t e r fa c e s which areused to d e t e rmine the th i ckne s s and d e p t h of m a t e r i a l s and to locate Isolated buriedobjec t s . Ele c tr i ca l r e s i s t i v i ty , e l e c t r o m a g n e t i c c onduc t iv i ty , and m a g n e t p m e t r y id en t i fylateral and vertical variations in sub sur fa c e g e o l o g i c f o r m a t i o n s by l o c a t i n g la t era l andvertical var ia t i ons I n b u l k e l e c t r i c a l , a n d magne t i c p r o p e r t i e s o f t h e s u b s u r f a c ematerials.
Valid I n t e r p r e t a t i o n s o f g e ophy s i ca l data c o l l e c t ed in the f i e ld require correlationwith Informat ion obtained f r o m both conventional s a m p l i n g and analyt i ca l programs.The t y p e s of g e o p h y s i c a l and conventional data required to describe the subsurfaceenvironment w i l l vary, d e p e n d i n g upon the p h y s i c a l , chemical , end s t ru c tura lc o m p l e x i t y of the sub sur face , and the in t ended a p p l i c a t i o n of the f ie ld study.
S e i s m i c R e f r a c t i o n . S e i s m i c m e t h o d s are u s e f u l t o o l s in d e t e r m i n i n g thethickness and d e p t h o f g e o l o g i c units. In a d d i t i o n , the v e l o c i ty with which seismicwaves are e i th er r e f l e c t e d or r e f rac t ed is an ind i ca t i on of the phys i ca l p r o p e r t i e s of the
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sub sur face mat er ia l s . S e i s m i c r e f r a c t i o n surveys consist of t r a n s m i t t i n g a wave intothe s u b s u r f a c e by means of an acoust ic source. The wave t rav e l s t h r o u g h thes ub sur fa c e in all d i r e c t i o n s and at dif fering v e l o c i t i e s u n t i l contact i s made wi th ag e o l o g i c i n t e r f a c e . The wave is r e f r a c t e d to the s ur fa c e and received by an array ofgeophone s . The travel t ime of the r e f r a c t e d wave is recorded on a s e i s m o g r a p h .F i g u r e A p r e s e n t s a s chematic cross section of all the c o m p o n e n t s used to conduct aseismic r e f ra c t i on survey to determine the thickness of iayer V1 which overlies layerV2.
The s e i s m o g r a p h p r o d u c e s a s e i s r . i ; j record which g r a p h i c a l l y d e p i c t s a l l t h evibrat ions received at each g e o p h o n e d u r i n g the survey. The sei smic record isin t e rpr e t ed to identify the "travel time" of the seismic wave f r o m the acoustic source toeach g e o p h o n e . T r a v e l t ime s of r e f r a c t e d waves are i d e n t i f i e d on the seismic recordas "first arrivals" at each g e o p h o n e , and t h e y are d e p e n d e n t upon the d e p t h to whichthe r e f r a c t e d wave t r a v e l e d , and the seismic v e l o c i t y of the wave.
First arrival t imes at each g e o p h o n e are p l o t t e d on a r i t h m e t i c g r a p h p a p e r as thet ime v s d i s t a n c e p l o t s f o r da ta i n t e r p r e t a t i o n ( F i g u r e B ) . T h e travel t ime s a n dc o r r e s p o n d i n g d i s t a n c e s at each g e o p h o n e w i l l g e n e r a l l y p l o t a l o n g one of severall inear s egment s on the g r a p h . The s l o p e o f each l i n e a r segment c o rr e spond s to theseismic v e l o c i t y of each seismic layer. The v e l o c i t y and e i t h e r the i n t e r c e p t time or thecr i t i ca l d i s tance are used to c a l c u l a t e the d e p t h to the i n t e r f a c e between the layers(Figure B).
S e i s m i c v e l o c i t i e s are d i r e c t l y r e la t ed to material d e n s i t y . Bulk d e n s i t i e s may varyas a result of c o m p o s i t i o n , water c o n t e n t , age and d e p t h , w e a t h e r i n g , f r a c t u r i n g , anddegre e and t y p e of c o n s o l i d a t i o n . Different scil and rock t y p e s are characterized bycer tain o v e r l a p p i n g ranges in sei smic v e l o c i t y . By c o r r e l a t i n g observed data withi n f o r m a t i o n ob ta ined f r o m convent ional s t u d i e s , th e t y p o s r.nd d i s t r i b u t i o n o f g e o l o g i cunits present may be i n t e r p r e t e d . The most common a p p l i c a t i o n of seismic r e f r a c t i o nsurveys in g r o u n d w a t e r contaminant i n v e s t i g a t i o n s is to d e f i n e the t h i c k n e s s cf theoverburden (soil) and to map the s t r a t i g r a p h y .
L i m i t a t i o n s to consider when e v a l u a t i n g the s u i t a b i l i t y o f tho seismic r e f r a c t i o nmethod ior a given site i n c l u d e the f o l l o w i n g : (1) sub sur face layers of l imi t ed thicknes s( g e n e r a l l y l e s s than f i v e f e e t) ar e no t d e t e c t e d ; (2) s u f f i c i e n t contrast in seismicv e l o c i t i e s ( b u l k d e n s i t y ) between sub sur fac e layer s must be present for the accuratelo ca t i on o f i n t e r f a c e s ; (3) bu lk d e n s i t i e s o f s u b sur fa c e m a t e r i a l s must increase withd e p t h .
E l e c t r i c a l R e s i s t i v i t y . Bulk e l e c t r i ca l r e s i s t iv i t i e s o f s ub sur fac e mater ia l s aredetermined by i n j e c t i n g an e l e c t r i c current into the ground by a p?.T of e l ec trodes andmeasuring the r e s u l t i n g d r o p in vo l tag e t h r o u g h the ground by a ". xmd pair ofe l e c trode s (Figure 0). The m a g n i t u d e of the vo l t ag e d r o p d e p e n d s ' 1e l i t h o l o g y ,moisture content and c o n c e n t r a t i o n s of d i s s o l v e d s o l i d s in pore water of thesub sur fac e mater ia l s . By varying the spac ing and p o s i t i o n of the e l ec trode array,la t era l and vertical r e s i s t i v i t y t r e n d s can be d e t e rmined . Resu l t s f r o m a r e s i s t i v i t ysurvey can be used to (1) map l a t e r a l and vertical variat ions in the th i ckne s s e s ofs u b s u r f a c e mat e r ia l s w i t h s i m i l a r r e s i s t i v i t i e s ; ( 2 ) d e l i n e a t e r e s i s t i v i t y boundarie s
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associated with variations in grounowat sr q u a l i t y ; and (3) i d e n t i f y waste burial areas orlocate buried tanks associated with local r e s i s t iv i ty anomalies .
Field surveys are conducted to comple t e either lateral p r o f i l e s or vertical e l e c t r i ca l ,s o u n d i n g s ( V E S ) . R e s i s t i v i t y p r o f i l e s a r e c o m p l e t e d b y u t i l i z i n g a f i x e d e l e c t r o d es p a c i n g and o b t a i n i n g an e l e c t r i ca l r e s i s t i v i t y value at each s e l e c t ed s ta t i on a l ong thep r o f i l e traverse (Figure p). A number of p r o f i l e s may be c o m p l e t e d to construct ar e s i s t i v i ty map of an entire s i t e or 01 s e l e c t ed f e a t u r e s at a s i t e / Lateral variations insubsurface e lec trical res i s t ivity may be used to assess: (1) changes in groundwaterq u a l i t y , ( 2 ) g r o u n u ' v a t e r c ontaminant p l u m e s a n d s a l t w a t e r i n t r u s i o n ; a n d ( 3 )variations in the c o m p o s i t i o n of sub sur fac e materials.
V e r t i c a l e l e c t r i c a l s o u n d i n g s are c o m p l e t e d by measuring a series of e l e c t r i ca lre s i s t iv i ty values at one location. Each measured value corresponds to one of a serieso f s e l e c t e d e l e c t r o d e s p a c i n g s . T h e r e s u l t i n g s e t o f e l e c t r i c a l r e s i s t i v i t y valuesob ta ined at each VES s t a t i o n are g e n e r a l l y p l o t t e d agains t e l e c t r o d e s p a c i n g toproduce sounding curves that may be e m p i r i c a l l y evaluated to identify t r end s (FigureD). The data may also be so lved g r a p h i c a l l y by us ing master curves to d e t e r m i n eresistivity layer thicknesses, d e p t h s , and true resistivities.
Elec tr i ca l r e s i s t i v i ty surveys have been s u c c e s s f u l l y used to locate groundwatera q u i f e r s , d e l i n e a t e groundwat er contaminant p l u m e s , map salt water intrusion,d e t e rmine sub sur fac e s t r a t i g r a p h y , map thicknes se s o f s u r f i c i a l d e p o s i t s , map f r a c l u r ezones in bedrock areas, map karst f ea tur e s , locate buried man-made objec t s and toI m p l e m e n t in-p la c e e l e c t r i ca l l eak d e t e c t i o n sys tems f o r sur fa c e i m p o u n d m e n t s a n dunderground s torage tanks. In a d d i t i o n , search ie on-going to eva luat e the a b i l i t y ofresistivity for d e t e c t ing and m a p p i n g organic plumes.
The field a p p l i c a t i o n ot electrical resistivity techniques can be a f f e c t e d by thepresence of nearby power l i n e s , f e n c e s , railroad tracks, and buried p i p e s and cables.T h e s e cu |4ural f e a t u r e s may create e l e c t r i ca l I n t e r f e r e n c e or a l t e r the s u b s u r f a c epattern of ouent f l o w distribution. In addit ion. In order to comple t e electrical re s i s t iv i tysurveys you must be able to "seat" the e l e c t rode s In tha ground to e s t ab l i s h electricalcontinuity with the subsurface materials to be studied.
Data analy s i s and i n t e r p r e t a t i o n of e l e c tr i cal r e s i s t i v i t y data may be l i m i t e dbecause: (1) res i s t ivi ty values may be associated with any one of several geologicuni t s (/.a., a silty sand unit may have s imi lar r e s i s t i v i ty values as a sand unit saturatedwith salt water), (2) thin beds of lower res i s t ivi ty will be masked when they aresandwiched between two layers of h i g h e r r e s i s t i v i t y ; and (3) the I n t e r p r e t e d layerthicknes s will be greater than the actual thickness due to the a n t s o t r o p i c nature of theindividual layers, which are genera l ly characterized as having greater verticalre s i s t ivi ty values than horizontal .
E l e c t r o m a g n e t i c C o n d u c t i v i t y . T h e e l e c t r o m a g n e t i c c onduc t iv i ty survey I ss i m i l a r to the e l ec tr ical r e s i s t i v i t y survey In the sense that both me thod s q u a n t i f yelectrical characteristics of subsurface materials. However, there are vast d i f f e r e n c e sbetween the field techniques and the data and analyse s which characterize theI n d i v i d u a l me thod s . The e l e c t r o m a g n e t i c c onduc t iv i ty survey consis t s of d i r e c t i n g an
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e l e c t r o m a g n e t i c field in t o the ground f r o m an above ground source to create asecondary e l e c t r o m a g n e t i c field that is measured by a receiver. As a r e su l t , directmeasurements of bu lk sub sur face c onduc t iv i t i e s are obtained (Figure E).^Field e q u i p m e n t required for a survey consist s of a low f r e q u e n c y t ransmi t t e r coiland a receiver coil The receiver coil I n t e r c e p t s a port ion of the secondarye l e c t r o m a g n e t i c f ield and p r o d u c e s an o u t p u t v o l t a g e which is l i n e a r l y related tosub sur face c onduc t iv i ty .
i n d u c i n g an e l e c t r o m a g n e t i c field e l i m i n a t e s the need for an e l e c t rode array and.t h er e f or e , the e l ec tromagnet ic field method is a more rapid tool for surveying. Thee l i m i n a t i o n of e l e c t rode s to measure e l ec tr i cal p r o p e r t i e s of sub surface mater ial s alsoenable s e l e c t r o m a g n e t i c surveys to be conducted in many areas where r e s i s t i v i t ysurveys cannot be cons idered (i.e.. pavement areas, very dry sandy s o i l s , f r o z e nground, railroad tracks, etc.). E l e c t r o m a g n e t i c c o n d u c t i v i t y surveys may also be usedto produce rapid continuous p r o f i l e s up to d e p t h s of 15 meters.
E l e c t r o m a g n e t i c (EM) surveys aro "nost widely used to create p r o f i l e s or maps ofa sub sur fac e c onduc t i v i ty . Lateral variations in c o n d u c t i v i t y , at a given d e p t h , may bei n t e r p r e t e d as contaminant p l u m e s , sand and gravel d e p o s i t s , c lay d e p o s i t s , karstf e a t u r e s , salt water intrusion or buried ob j e c t s (Figure F). Because field surveys maybe c o m p l e t e d r a p i d l y , EM techniques are o f t e n I m p l e m e n t e d to map large sites and toprovide d e ta i l ed maps of variable site subsurface f ea ture s such as I s o l a t e d karstf e a t u r e s , and buried tanks or 55 g a l l o n drums.
C o m p u t e r - d a t a p r o c e s s i n g t echniques can be u t i l i z e d to i n t e r p r e t and pre s entre su l t s obtained f r o m s i te surveys in order to f i l ter out unwanted cultural I n t e r f e r e n c e s ,end to evaluate p lume characteristics. Corre la t i on of EM maps with f i e l d - c o l l e c t e dg e o l o g i c Information i s e s sential for the f inal i n t e r p r e t a t i o n of the survey data. Two andthree layer c o n d u c t i v i t y m o d e l s can be constructed using quantita'. ve techniques. Ther e s u l t i n g m o d e l s are g e n e r a l l y less d e t a i l e d in the vertical r e s o l u t i o n of the sub sur facelayers than those produced f r o m vertical e l e c t r i ca l soundings.
E l e c t r o m a g n e t i c surveys may not be conducted In areas characterized byunusually high or low values of subsurface conductivity. In addit ion, e lec tromagneticmethods are s ub j e c t to I n t e r f e r e n c e f r o m many cultural f e a t u r e s and the presence ofnearby elec trical f i e l d s . Final ly , th e a b i l i t y o f e l e c t r o m a g n e t i c c o n d u c t i v i t y surveys t oi d e n t i f y g r o u n d w a t e r contaminant p l u m e s requires that a s i g n i f i c a n t e lec tricalconduc t iv i ty contrast exi s t s between contaminated and natural groundwatar.
G r o u n d P e n e t r a t i n g Radar. Ground p e n e t r a t i n g radar (GPR) Is an Impul s eradar system that provide s a continuous profile of subsurface condi t i ons by radia t inge l ec tromagnet i c p u l s e s Into the subsurface and d i s p l a y i n g the r e f l e c t i o n s f r om surfaceand sub? j r f a c e "interfaces" on a s t r ip chart recorder (Figure G). The term "Inter fac e" inthis geophysical method refers to any discontinuity in electrical propert ie s such as soilor g e o l o g i c boundaries or imbedded ob j e c t s such as drums, or boulders.
The GPR sys t em consists o f f i v e major component s , these include: (1) powerd i s t r i b u t i o n unit; (2) radar control u n i t ; (3) antenna transceiver; (4) g r a p h i c recorder;

c
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and (5) t a p e recorder. The power d i s t r i bu t i on unit provides p r o p a r AC/DC vo l tage s toall the GPR equipment . The radar control unit tr igger s the antennae transceiver toproduce the e l e c t r o m a g n e t i c pu l s e . The r e f l e c t e d p o r t i o n s o f the t r a n s m i t t e d p u l s e arereceived by the antennae transceiver, converted to the audio frequency range andprocessed by the "adar control unit. Proce s s ing is an o p e r a t o r - i n i t i a t e d procedure and'a l lows for the s e l e c t i o n and enhancement of that p o r t i o n of the data which i s ofgreatest importance to the objective of the survey. The processed data is sent to theg r a p h i c recorder which produce s a permanent chad p r o f i l e o f the s u b s u r f a c eI n t e r f a c e s . Processed data may also he sent to the t a p e recorder for s t o rage ,reprocessing, or p r i n t i n g at a later date. Data may be collected at a rate as much as 16times f a s t e r than the g r a p h i c recorder by t a p e recording the data.

Field surveys may be c o m p l e t e d on f o o t or by u t i l i z i n g vehic le s for mount ingequ ipmen t and t owing the antennae transceiver. The r e s u l t i n g GPR prof i l e which i sproduced by the graphic recorder print s strong s ignals as black and weak s ignal s aswhite (Figure H). The re sul t i s a d i s p l a y o f dark bands e x t e n d i n g across the prof i l e atvarying d e p t h s . T h e s e bands r epre s en t th e r e f l e c t i o n f r o m an i n t e r f a c e . Thehorizontal scale of the p r o f i l e is d ependent upon the travel time of the antennaetransceiver. The vertical scale i s d e p e n d e n t upon the travel t ime c? the GPR p u l s e .The travel time of the GPR pul s e may be converted to d e p t h if either the d i e l e c tr i cconstant of the medium being p r o f i l e d or the d e p t h to a s p e c i f i c i n t e r f a c e Is known.
T y p i c a l a p p l i c a t i o n s of GPR surveys inc lude , m a p p i n g d e p t h to bedrock* andm a j - p i n g i n t e r f a c e s i n c l u d i n g changes in soil t y p e , g e o l o g i c f o r m a t i o n s , and d e p t h t owater table. Buried o b j e c t s and excavations may also be located and in some casesi d e n t i f i e d , as well as buried cultural f ea ture s inc lud ing p i p e s , cables, and conduits.
The e f f e c t i v e p ene t ra t i on d e p t h s of the GPR system is d e p e n d e i t upon tho bulkconduct ivi ty o f t h e subsurface ^ ' t e r i a l s being p r o f i l e d . T h e G P R signal I s r a p i d l ya t t e n u a t e d w i t h i n h i g h l y concLii ive ma t e r ia l s (Le., c lays , h i g h l y ionic g r o u n d w a t e r )which severely l imit s the penetrat ion depth s .
Other l i m i t a t i o n s of GPR p r o f i l e s inc lude: (1) masking of a r e f l e c t i o n as a result ofoverlaping in t e r fa c e s , such as, where the surface of the water table is level with the topof a buried drum; (2) variation in identifying r e f l e c t o r s d e p e n d i n g upon the or i en ta t i onof the traverse to the buried o b j e c t ; and (3) the presence of vege ta t ive cover, s u r f i c i a ldebris and irregular surface t o p o g r a p h y which may limit the penetrat ion d e p t h of thereturn s ignal or the a b i l i t y to traverse the Site with the GPR system.
Magne trome try . Magne tome t er s measure with accuracy and precision, theI n t e n s i t y o f t h e e a r t h ' s magnet ic f i e l d . B y m a p p i n g la t era l a n d / o r vertical magne t i cgradients, subsurface f ea ture s such as geologic ore depos i t s , bedrock f ea ture s , burieddrums and buried p i p e s may be located (Figure I). N o n f e r r o u s me ta l s such asaluminum, copper , tin and brass cannot be de t e c t ed by magnetometers.
Several t y p e s of magne tome t er s are p r e s e n t l y available, however, the two mostwidely re f erenced fn engineering and groundwater publ i ca t ions are the proton and thef l u x g a t e magnetometers. Proton magnetometers measure the earth's total magneticf ie ld I n t e n s i t y by u t i l i z i n g the precis ion of s p i n n i n g protons in a s a m p l e of hydrocarbon
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f l u i d to generate a smalt signal whose frequency Is preci se ly propor t ional to the totalmagnet i c f i e ld i n t e n s i t y . F l u x o a t e magne tome t er s measure variations in th e i n t e n s i t yof the total ear th ' s magnetic f i e 'd by measuring changes in the magnetic saturationlevel of an iron core sensor. U n l i k e the pro ton m a g n e t o m e t e r , the s igna l o u t p u t of a ts ing l e f l u x g a l e m a g n e t o m e t e r I s e x t r e m e l y s ens i t ive t o o r i e n t a t i o n , T o overcome t h i s 's en s i t i v i ty , the grad i en t o f the ear th ' s magnet i c f i e ld may be measured by m o u n t i n gtwo f l u x g a t e sensors t o g e t h e r to f o r m a grad iome t e r . The g r a d i o m e t e r i s the mostcommon method of obtaining measurements with the f i u x g a t e magnetometer.

Proton m a g n e t o m e t e r s are g e n e r a l l y more sens i t ive than f l u x g a t emagnetometer s , however, they are also more s ens i t ive to i n t e r f e r e n c e f r o m unwantedmagnet i c ob j e c t s (i.e., f e n c e s , debris and au tomob i l e s) . F l u x g a t e magnetometer s alsoprovide the advan tage of o b t a i n i n g continuous measurements and da ta readout forconduct ing t o ta l Si t e surveys.
The m a g n i t u d e of an anomaly produced by a buried ob j e c t is d i r e c t l y r e la t ed tothe magnetic mass and magnetic in t en s i ty of the body, and I n v e r s e l y related to thed e p t h of the body. M a g n e t i c anomal i e s , such as the contact between a non-magnet ics e d i m e n t a r y d e p o s i t and a m a g n e t i c I g n e o u s rock body, that are i d e n t i f i e d onmagnet i c p r o f i l e s or contour maps can be located us ing q u a l i t a t i v e t echniques (FigureJ). C o m p u t e r data pro c e s s ing and a n a l y t i c a l t e chnique s can d e t e r m i n e th e d e p t h o fburial, the mass of the buried ob j e c t s , the geo log i c structure, and the d e p t h to bedrock.
Magnetometer surveys are l imi t ed to i d e n t i f y i n g or locating subsurface magneticf e a t u r e s or o b j e c t s . M a g n e t o m e t e r surveys may be h indered by the pre s ence ofunwanted local magne t i c f i e ld s as soc iated with power l i n e s , railroad tracks, etc.Diurnal variat ions , which are natural changes in the earth' s magne t i c f i e ld over t i m e ,must be c o m p e n s a t e d *M dur ing a m a g n e t o m e t e r survey. Dur ing magne t i c s torms,which may occur as oftf n as several times a month, s i g n i f i c a n t variations in the earth'smagnetic f i e ld w i l l r e s u l t , making c o m p l e t i o n o f a magnet i c survey impract ical Final ly ,i d e n t i f i c a t i o n of local anomalies are a f f e c t e d by the presence of many cultural f ea ture si n c l u d i n g s tee l f e n c e s , v eh i c l e s , b u i l d i n g s and iron debris. The search f or buriedobjects may also be l imited by the presence of natural iron ore depo s i t s and bog irons,or by other variations in sub sur fac e g eo l ogy .
G r o u n d w a t e r A p p l i c a t i o n s . C u r r e n t l y , there arc several p u b l i c a t i o n s whichdocument a p p l y i n g s ur fa c e g e o p h y s i c a l t e chnique s t o groundwat er contaminantInvest igat ions. Two conclusions drawn In all of the above referenced pub l i ca t i on s are:( 1 ) g e o p h y s i c a l surveys p r o v i d e several u s e f u l nonde s t ru c t iv e test m e t h o d s f o revaluating subsurface g e ohydro l og i c conditions; and (2) these methods may o f t e nimprove the q u a n t i t y and q u a l i t y of the data base obtained f r o m convent ionaldestructive test methods , whi l e reducing overall inve s t iga t i on and monitoring costs.•A d v a n t a g e s o f g e o p h y s i c a l surveys in c lud e the cost e f f e c t i v e b e n e f i t s prov idedfor by the rapid acquisition of data. Geophys i ca l survey techniques can bei m p l e m e n t e d dur ing p r e l i m i n a r y p r o j e c t s tages In order to e s tab l i sh a site data base,and thereby Identify anomalies which require more detai led evaluations. In addi t ion,continuous data c o l l e c t i o n t e chnique s may be u t i l i z e d for m a p p i n g f e a t u r e s to a
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greater d egre e of r e s o l u t i o n not g e n e r a l l y a t t a i n a b l e by using convent ional s a m p l i n gtechniques.
The use of g eophys i ca l survey techniques at the Site would be advantageous,prior t o c o m p l e t i n g on-s i t e test d r i l l i n g o r excavat ion ac t iv i t i e s . T h e a p p l i c a t i o n o f "geophysical techniques in lo ca t ing suspected container burial areas would reduce thel i k e l i h o o d o f u n e x p e c t e d contact per sonne l or equ ipment wi th buried hazardou smaterials. S i t e characterization with sur face geophysical techniques also h e l p s ini d e n t i f y i n g the p r o p e r procedure s and pre cau t ions that shou ld be i m p l e m e n t e d dur ingthe convent ional phas e s of an i n v e s t i g a t i o n , !n order to e l i m i n a t e the po s s ib l e spreador release of materials .
S e l e c t e d l l u s t r a t i v e M o d e l s . T w o i l l u s t r a t i v e m o d e l s o f g e o p h y s i c a l surveysare briefly p r e s e n t e d to p r o v i d e e x a m p l e s of the r e su l t s that can be ob ta ined byc o m p l e t i n g s u r f a c e g e o p h y s i c a l surveys. The m o d e l s i n c l u d e an e l e c t r o m a g n e t i cc o n d u c t i v i t y survey to id en t i fy g r o u n d w a t e r contaminant p l u m e s and contaminantsources and an e v a l u a t i o n of l i m e s t o n e t e rra in with se i smic r e f r a c t i o n ande l e c t r o m a g n e t i c c o n d u c t i v i t y surveys.

S u m m a r y a n d P o t e n t i a l A p p l i c a t i o n s t o t h e S i t e
Five c o s t - e f f e c t i v e s u r f a c e g e o p h y s i c a l survey t e chnique s have been describedwhich are widely used in groundcolor site Inves t igat ions . By employ ing geophysicalt e chn ique s t o c o m p l e m e n t c o n v e n t i o n a l m e t h o d s o f s u b s u r f a c e e x p l o r a t i o n , amonitoring network can be des igned that has an overall increase in e f f i c i e n c y and isc o s t - e f f e c t i v e .
T h e a p p l i c a t i o n o f the s e s u r f a c e g e o p h y s i c a l t e c h n i q u e s t o g r o u n d w a t e rcontaminant i n v e s t i g a t i o n s i n c l u d e th e f o l l o w i n g : (1) regional and local eva lua t i on s o fs u b s u r f a c e g e o h y d r o l o g i c c o n d i t i o n s ; ( 2 ) f e a s i b i l i t y s t u d i e s o f p r o p o s e d f i e l da p p l i c a t i o n S i t e s and m a n u f a c t u r i n g , s torage and d i s p o s a l f a c i l i t i e s ; (3) d e s i g n o fm o n i t o r i n g s y s t e m s ; ( 4 ) charac t er iza t ion o f e x i s t i n g f i e l d a p p l i c a t i o n S i t e s a n dm a n u f a c t u r i n g , s t orage and d i s p o s a l f a c i l i t i e s ; and (5) d e s i g n o f l eak d e t e c t i o nsystems u t i l i z ing electrical resi s t ivity techniques.
The detec t ion of wood treatment pe s t i c ide contaminant p lumes , originat ing fromg e n e r a l l y non-ionic organic ch emica l s , p r e s e n t s a d i f f i c u l t s i t u a t i o n t o e f f e c t i v e l ymonitor by u t i l i z i n g a p p l i c a b l e geophysical techniques such as electrical resistivity ande l e c t r o m a g n e t i c c o n d u c t i v i t y . H o w e v e r , t h i s r e p o r t e d l y ha s been s u c c e s s f u l l yaccomplished whore contaminant concentrations in groundwater are greater than 10mg/1. At h igh contaminant concentrations the d e t e c t i on of organic p l u m e s may beposs ible as a result of the f o r m a t i o n of a conductivity low which is associated with thenon-Ioni c c o n t a m i n a n t s in contrast to the surrounding h i g h l y Ionic groundwater .H y d r a u l i c processes occurring in the unsaturatad zone of f i n e grained soils may alsoresult In the accumulation of organic compounds above the water table f o r m i n g a lowconduct iv i ty anomaly o v e r l y i n g the organic contaminant plume. It i s also po s s i b l e thatd e g r a d a t i o n by-produc t s may create a m a p p a b t e ionic contaminant plume.
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S e v e r a l report s have been p u b l i s h e d which describe the d e s i g n andi m p l e m e n t a t i o n o f e l e c t r i ca l and e l e c t r o m a g n e t i c early warning a n d / o r l eak d e t e c t i o nsystems. The general premise by which the systems operate is that by e s tab l i sh ing anelectrical r e s i s t i v i t y or c o n d u c t i v i t y map of a Site or faci l i ty in i t s natural s tate the e f f e c t s ,of p o t en t i a l Site d i s charge s to groundwater can be monitored by continued Site'surveying. It is also p o s s i b l e that the e s t a b l i s h m e n t of a ba s e l in e c o n d u c t i v i t y map ats e l ec t ed d e p t h s , for e x a m p l e 1.0 meters, 3.0 meters and 7.5 meters, may prove to beu s e f u l in d e t e r m i n i n g areas where sub sur fa c e migra t i on of wood trea tment p e s t i c i d e sor t h e i r d e g r a d a t i o n p r o d u c t s is occurring. S u c h t e chnique s may b© a p p l i c a b l e tounsaturated and sa turat ed zone moni tor ing programs.
The Site is l o ca t ed on an excavated area in r o l l i n g pine-covered h i l l s that arecharacterist ic of the Qzark M o u n t a i n chain. The s u r f i c i a l cover derived f r o m cherty clayresiduum i s r e a d i l y v i s i b l e f r o m past Sit e excavations. The Sit e i s f la t , wi th the areasurrounding th e Si t e f e a t u r i n g a c on s id erab l e amount o f r e l i e f , i n c l u d i n g a s t e e p d r o ptowards the railroad tracks on the north-eas tern edge of l;r p r o p e r t y . Non-commerc ia lland in the area is used p r i m a r i l y for grazing.
Also c h a r a c t e r i s t i c o f th e Ozark M o u n t a i n s Is *he "kar*.;* t o p o g r a p h y andhydro logy. G r o u n d w a t e r f l o w in karst terrain i s t y p i c a l l y through f r a c t u r e d l imes tone.T h e s e f r a c t u r e s d i s s o l v e to create channel f l o w c o n d i t i o n , accompanied by thecreation of sinkholes.
A regional generalized hydrogeo l og i c column for the Omaha, Arkansas , area isprov ided in Figure ( ), and prov ide s p r e l i m i n a r y d e s c r i p t i o n s of l i t h o l o g y and e s t imat e sfor the thicknesses of indiv idual g eo l og i c f ormat ion s . It should be noted that thef o r m a t i o n s vary in th i ckne s s and may be absent wi th in the Site area. F i g u r e ( ) showsa generalized s t ra t igraphi c cross-section for the area of the S i t e . F i g u r e ( ) shows thetrace of t h i s cross-section and ind i ca t e s which w e l l s were used to d e v e l o p the cross*section.
F i g u r e ( ) is an hypo th e t i ca l cross-section because c o n f l i c t i n g information existson th e e l eva t i on o f th e C h a t t a n o o g a S h a l e (i f pr e s en t). The f i g u r e re spre sent s th ehypotheses in which the Chat tanooga S h a l e is around 900 f e e t above sea level in theS i t e area. This h y p o t h e s i s i s based on d r i l l e r l o g s and corrleated with i n f o r m a t i o n ofPurdue & Miser. On the other hand, according to Mr, O. A. Wise the ChattanoogaShafe would be at a h i g h e r e l eva t i on and could outcrop in the s t ud i ed area. Thisdescrepancy will be resolved during the Site investigation.
Reg iona l ly , the sur f i c ia l cover is a cherty clay residuum derived from the BooneFormat ion . At the Site, the s u r f i c i a l mater ial s are c l a s s i f i e d as chsr ty s i l ty f o a m s whichare p a r t l y by-products of the blasting related to railroad construction.
Below the residuum is the Boone Formation, which consists of varying amounts ofchert and l ime s t one . The thicknes s of the f o r m a t i o n at the Site Is reported to beapprox ima t e ly 120 ft to 250 ft,, e x c lud ing the St. Joe Member. Limestone in thef o r m a t i o n is nearly pure calcium carbonate. The l imes tone s are very s o l u b l e En groundwater and contain s u b s u r f a c e cracks. Joints and f i s sure s . S i n k h o l e s are commonwhere l i m e s t o n e is present at the surface. Many of the large j o i n t s and f i s s u r e s are
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f i l led are f i l led wi th red clay and boulder s . Chert (a very dense , m i c r o c r y s t a J l i n esiliceous rock) occurs f r e q u e n t l y in the Boons Formation and is the pr inc ipa l rock inih3 basal section. The d i s t r i b u t i o n of chert i s the l i m e s t o n e varies f r o m scat terednodule s to shee t- l ike masses in excess fo 100 f e e t in thickness.
The St. Joe member of ths Boone F o r m a t i o n i s r e g i o n a l l y on the most l a t e r a l l ypers i s t ent and conspicuous beds pre sent . The th i ckne s s C; t h i s unit i s a p p r o x i m a t e l y50 f e e t . The rocks of the St. Joe member are composod cf. *"ine l imestone. Atihs base of the u n i t , i m m e d i a t e l y above the C h a t t a n o o g a S h a l e ^whare thi s f o r m a t i o nis p r e s e n t ) , f r a c t u r e s have been widened e x t en s i v e ly by so lut ion.
The Devonian-aged C h a t t a n o o g a S h a l e may or may not be present in the vicinityo f th e S i t e . The basal s e c t ion i s g e n e r a l l y a b lack , carboeceous, t h i n l y f i s s i l e(tendency to f o rm th in sheets) shale which weathers into f lake s . It contains numerousvertical j o i n t s . The u p p e r sect ion i s black to brown, wi th occasional p h o s p a t i c sandystreaks. The u p p e r sect ion is l e s s i i s s i l e than the basal part and weathers intoprismatic blocks irrespective of b edd ing. Tota! thickness of the shale varies f r o m 0 to50 f e e t . This l a y e r (where p r e s e n t ) may act as an aquitard between the BooneF o r m a t i o n and the u n d e r l y i n g carbonate units.
Where the lower s ec t ion of the C h a t t a n o o g a S h a l e i s absent, the u p p e r sectiont y p i c a l l y o v e r l i e s the S y l a m o r e member. The S y l a m o r e membar i s composed o fsands tone g e n e r a l l y 2 to 5 fee*, thick and consists of one or more massive (withouts t r a t i f i c a t i o n ) beds, a l t h o u g h i t may he l o c a l l y t h i n - b e d d e d .
T h e Ordovic ian-aged P o w e l l F o r m a t i o n u n d e r l i e s t h e C h a t t a n o o g a F o r m a t i o n .The f o r m a t i o n consi s t s p r i m a r i l y o f c r y s t a l l i n e d o l o m i t e , with minor amounts o f green,carbonaceous sha l e c on ta in ing chert congomerate. The th i ckne s s of the unit rangesf r o m 0 to several hundred f e e t . The f o r m a t i o n weathers rather easily. In the u p p e rpart of the f o r m a t i o n , numerous veins and masses of sands tone are present. Theveins range f r o m a p p r o x i m a t e l y one-ha l f inch to six Inche s in thickness and extenddownward 20 f e e t 'rom the top of the do l omi t e . The largest of the masses are 75 f e e tin d iame t er and 40 f e e t in height. H o r i z o n t a l j o i n t s and vertical s l i ck en s id e s (groovedand stn'ated surfaces produced on rocks by movement along a fault) are found at manylocations.
The Cotter Formation dolomite underlies the Powell Formation. It contains minoramounts of shale , chert and sandstone. The f o r m a t i o n consist pr imar i ly of two t y p e s ofd o l o m i t e ; a f i n e - g r a i n e d , a r g i l l a c e o u s (clay c o n t a i n i n g ) , r e l a t i v e l y s o f t variety and amore massive medium-grained variety. The two varieties are general ly interbsddedwith th inner layers of sands tone , shale and c sert. The total tnicknes s of this f ormat ionIs e s t imated to be more than 500 f e e t .
The Roubidoux F o r m a t i o n u n c o n f o r m a b l y underl i e s t h e Cot t er Formation. TheRoubidoux consists of d o l o m i t e , sandstone and minor amounts of chert. Tha d o l o m i t eis mostly lightly colored, and i s . f i n e l y granular to medium crystalline. Light coloredsandstones are present t h r o u g h o u t the Roubidoux Formation. The sands tone s arecomposed of l o o s e l y to we l l cemented (s i l i c e ou s or calcareous c ement)! f i n e tomedium grained, angular to rounded, f ro s t ed quartz grains. Cheat s in the formation
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are g enera l ly dense and t i g h t colored, and may be considered representative of theRoubidoux. in northern Arkansas , th icknes s of the f o r m a t i o n ranges between 130 ft to4 5 5 f t ,

T h e G a s c o n a d e - V a n Buren F o r m a t i o n s ( u n d e r l y i n g t h e R o u b i d o u x ) *.•«*u n d i f f e r e n t i a t e d in northern Arkansas and will be considered as one unit In this r e p , ; ? , .The Gas conade-Van Buren F o r m a t i o n s ( e x c l u d i n g the G u n t e r member) are g e n e r a l l yl i g h t co lored f i n e l y g r a n u l a r t o med ium c r y s t a l l i n e , c o n t a i n i n g l i g h t colored densecherts. The cherts in the lowere sect ion o c ca s i ona l ly are s l i g h t l y sandy or containminor amounts of d o l o m i t e . The thickness of th i s u n d i f f e r e n t i a t e d unit ranges between320 to 600 ft.
At the ba^e of tra G a s c o n a d e - V a n Buren uni t , the G u n t e r member is f o u n d .G e n e r a l l y , the G u n t e r is described as a sandstone which may contain s few t h i n sandyor silty d o l o m i t e beds. The s and s t one is l o o s e l y cemented by s i l i c eous or calcareousmaterial. Thicknes s of the Gunter ranges upwards to 40 f e e t .

S i t e a n d R e g i o n a l H y d r o g e o l o g y
The Site s u r f i c i a l c lay d e p o s i t s may be somewhat impervious due to compac t i onby heavy yard machinary. The vertical c o e f f i c i e n t of permeabi l i ty of a compacted clays a m p l e was measured in the laboratory to be 4,5 X 10*6 cm/sec ( S e p t e m b e r 29 ,1982correspondence f r o m Tom Mii la .d . A p p e n d i x E). P e r m e a b i l i t y o f t h e in-situ materialmay vary f r o m thi s value. A very wide range of p e r m e a b i l i t i e s was observed acrossthe Site d u r i n g p e r c o l a t i o n t e s t s run by Miilard. T h e s e p e r c o l a t i o n t e s t s ranges f r o m 2minutes per inch of infiltration to 8 hours for less than one inch of Infiltration.
Be tow the s u r f i c i a l r e s iduum, the Site h y d r o g e o l o g y is b e l i eved to be s imi lar tothe regional h y d r o g e o l o g y described below,

The Chat tanooga S h a l e , where pre s ent , may or may not act as a lowp e r m e a b i l i t y layer ( a q u i t a r d ) . If the C h a t t a n o o g a S h a l e acts as an aqui tard, groundwater may be present in three a q u i f e r (water b ear ing) systems: (1) a sha l low a q u i f e rsystem above the Chat tanooga S h a l e ; (2) an u p p e r J e e p a q u i f e r system d i r e c t l ybe low t h e C h a t t a n o o g a S h a l e ; a n d ( 3 ) a lower d e e p a q u i f e r system. I f t h eChattanooga S h a l e is not present or does not act as an aquitard, the ground watermay be present in two a q u i f e r systems. T h e s e sys tems have h i g h l y he t erogeneousvertical p e r m e a b i l i t i e s .
S h a l l o w A q u i f e r S y s t e m

T h e s h a l l o w ( u n c o n f i n e d ) a q u i f e r system consist s p r i m a r i l y o f d e e p l y weatheredoherty l imes tone s of the Boone F o r m a t i o n . The l ime s t one of the Boone Format i on hasundergone extensive so lut ion on the Omaha area result ing In what Is commonlyreferred to as "tost* t o p o g r a p h y and hydro logy. Karst t o p o g r a p h y Is characterized byvast numbers of depre s s ions of all sizes, dolines, sinks and other solution f ea ture s , analmost total tack of sur fac e streams ( s i n k i n g s treams), and large spr ing s In d e e p e rvalleys.

29



Cranmer and Asso c ia t e s , Inc.
Typica l ly , ra in fa l l which i s n o r m a l l y mi ld ly acidic, p e r c o l a t e s t h r o u g h th e carbondioxide-rich organic soil, f u r t h e r lowering the pH of the i n f l a t i n g ra in fa l l . Entering thel i m e s t o n e s t ra ta , the moving water e n l a r g e s j o i n t s and f r a c t u r e s in the bedrock bydi s so lv ing the bedrock, produc ing solution channels along which ground-water f l o w ,can occur. The ease by which p e r c o l a t i n g sur face water can movce through theunsaturated zone wi l l also Increase the po t en t ia l for ground-water contamination.
Local ground-water pa t t e rn s ( e s p e c i a l l y in the s h a l l o w a q u i f e r sys t em) i*re di f f i cul tto d e t e r m i n e because of the nature of karst h y d r o l o g y . In g e n e r a l , d e p e n d i n g on thel o ca t ion of recharge and d i s charge zones, as well as the karst i n f l u e n c e s , the s tat icwater tab l e in the s h a l l o w a q u i f e r wi l l f o l l o w (in a subdued manner) the t o p o g r a p h y .Deviations f r o m t h i s general pa t t e rn can be expec t ed to be observed during seasonalvariations in p r e c i p i t a t i o n .

D e e p A q u i f e r S y s t e m
The d e e p a q u i f e r sys tem may be d i v i d e d in to an u p p e r g r o u p and a lower group.The u p p e r g r o u p would consist o f the Powel l and C o t t e r F o r m a t i o n s . The lower g r o u pwould consist o f the Roub idoux F o r m a t i o n , the G a s c o n a d e - V a n Buren F o r m a t i o n s ,and the G u n t e r member.
The u p p e r - d e e p a q u i f e r system consis t s ma in ly o f l ime s t one s and d o l o m i t e s o fthe Powel l and Cot t e r F o r m a t i o n s . T h i s a q u i f e r system commonly y i e ld s 5 to 10 gpm( g a l l o n s p e r m i n u t e ) f r o m s o l u t i o n channel s , b e d d i n g p l a n e s and frac ture s .
The l ower-de ep a q u i f e r system consi s t s ma in ly o f s and s t one s and d o l o m i t e s o fthe Roubidoux F o r m a t i o n , the Gasconade-Van Buren F o r m a t i o n s , and the G u n t o rmember. S a n d s t o n e s are g e n e r a l l y more p r o d u c t i v e wa tar-b ear ing rocks thandolomite s . The sandstones of the Roubidoux Format ion can average up to 150 gpmand y i e l d s of as much as 450 gpm can be obtained f r o m some wel l s . The G u n t e rmember of the most productive waterbearing rock of this lower group. Wells that tapth i s sands tone commonly y i e ld 150 to 300 gpm and may yi e ld as much as 500 gpm.The Omaha city well appears to be p u m p i n g f r om the lower-deep aquifer system.
Ground-water hydraulic heads in tho lower-deep aqui fer system could be higherthan those in the u p p e r - d e e p and s h a l l o w a q u i f e r systems ( A r k a n s a s G e o l o g i c a lCommission). T h i s head di s tr ibut ion may act to create an upward ground-water f l o wp o t e n t i a l f r om the d e e p to the s h a l l o w systems. T h e r e f o r e , even if the Cha t tanoogaS h a l e Is not present or does not act as an aquitard, this head di s tr ibut ion suggests thatd i s s o l v e d c o n t a m i n a n t s in the s h a l l o w a q u i f e r sysyem would be unab l e tohydraulicaily migrate to the lower deep aqui f er system. However, the lower aquiferscould be contaminated by heavier-lhan-waier contaminant s coming f r o m s h a l l o waquifers through uncased wells.

S i t e S u r f a c e H y d r o l o g y
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S u r f a c e drainage at the Site is pr imari ly to the northwest by a tributary of CricketCreek. Cricket Creek is several thousand fee; west of the Site and f l o w s in a g e n e r a l l ynorthwe s t ernly direction. Some of the drainage f r o m the*Railroad Ditch Pit* S i t e couldconceivably drain to the east a long the railroad tracks into the Walnut Creek basinunder heavy rain c o n d i t i o n s . W a l n u t Creek l ie s a p p r o x i m a t e l y 3/4 of a mi l s to the southand east of U.S. H i g h w a y 65, and f l o w s to the southeast. The karst t o p o g r a p h ypresent in the area is typified at the Bite by an absence of perennial surface streams.
T a b l e 1-1 l i s t s organic compounds t y p i c a l l y f o u n d as residues at wood treatingp l a n t s i t e s where creosote and PCP ware used and relevant phys i ca l and chemicalp r o p e r t i e s f or each o f the m a j o ; cons t i tuent s . Targe t p o l l u t a n t s are h i g h l i g h t e d .

T a b l e 1-1 . Componen t s of Creosote and PCP Used for Wood Protection.
Creoso te C o m p o n e n t s S o l u b i l i t y I n W a t e r ( p p m ) Density
N a p t h a l e n sA c e n a p h i h a n aF l u o i * e r r i * ; i f tF l u o u * «A c e n a p ' . ; h y ! e n eP h e n a n t h i e n eAnthraceneChyrsenePyreneBenzo (a) anthracene

. 33.13.420.261.843.931.150.590.0020.1360.012

1.16211.0241.2521.2030.89881.1821.241.2741.271

Commercial PCP Componen t s
P e n t a c h l o r o p h e n o lT o l u e n e2.4,6-Trichlorophenol2.4-Dichlorophenol2 - C h I o r o p h o n o IPhenol2,4-Dinitrof .enol2-Nitropheno l4-n l l r opheno l2,4-Dimethylphenol4,6-Dinftro-o-creso!' p - C h l o r o - n v c r e s o lBenzeneBhyibenzene

14535800450026,50093.0005,6002,10016,00017.00C
3.8501,770152

1.9780.8661.4901.383T i . 2 5 61.0721.6831.4951.2701.0236.82
0.8780.867

Most of the component s of creosote are only s p a r i n g l y s o l u b l e In water. W h i l ePCP is not very s o l u b l e , once the sodium salt is f o r m e d , PCP becomes very so lub l e inwater as are most PCP contaminants. Oil solutions of thes* compounds can separateInto three-phases. First, there can be a iighter-than-water t r e a t i n g } phase containinglight oil, as we l l as creosote compounds and PCP d i s s o lv ed In the oil. Second , therecan be a water phase, which will contain those contaminants that have becomed i s s o lv ed In water or have the same dens i ty as water. Thirdly, there can be a heavier-than-water ( s i n k i n g ) pha s e , c on s i s t ing p r i m a r i l y o f the dense f r e e phase organics
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(PCP, a romatics associated with creosote compounds , and heavier frac t ions of thewood trea tment o i l).
Concerns have been expre s s ed by APCED that residue f r o m the Site may af f ec tground-water s u p p l i e s and surface water quali ty via Cricket S p r i n g Channel (whichc f c s charge s into Cricke t Creek). Nc data a v a i l a b l e to da t e d emons tra t e any impact onCricket Creek below the c o n f l u e n c e with Cricket S p r i n g Channe l . A d d i t i o n a l ,t h e o r e t i c a l l y p o s s i b l e but u n l i k e l y , i m p a c t s i n c l u d o e f f e c t s on s o i l s , b io ta, and ambientair qual i ty.
Several spr ings and domest ic w e l l s , as w t l l as the community water s u p p l y wellfor Omaha, Arkansas are located w i th in three mi l e s o f the -site. In a l l , a p p r o x i m a t e l y660 persons l ive w i t h i n three mi l e s of the site and depend pr imar i ly upon ground waterf rom the d e e p aquiver systems as a source of d r i n k i n g water.
An inventory of al l the r e g i s t e r s * water s u p p l y w e l l s w i th in a three m i l e radius c fth e s i te i s p r o v i d e d in the f o l l o w i n g t a b l e . Thi s t a b l e t a b u l a t e s c on s t ruc t i on d e t a i l s o fsome o f t h e w e l l s , i n c l u d i n g w e l l d e p t h s . T h e da ta h a s been c o m p i l e d f r o m a l la v a i l a b l e w e l l c o m p l e t i o n f o r m s s u b m i t t e d t o t h e S t a t e b y d r i l l i n g contractors. N oc o m p l e t i o n data were a v a i l a b l e for the Site we l l or the Omaha City Well .
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Table: Water WellOn aha, A r k a n s a s .

U f e l O w n d e r

Omaha City Well*
John AtchisonFrank. Atchlson
Robert BehrensRobert BdhrensRobert Behrans-abandonedDeanCurhow
Mttrad ft vidsonBudEssaryB t x J E s c a r yC S f f o r d F o r dCln ton HicksJohn Hus ton
Femam JonesNorman Kla&enerJamas LovallLeonard MattockMcGtnnU
Chartss McMahon. Jr.Don MooreNew Hope

Baptist Chun*NatsonRica
&d RichardsonJohn Robinson'T.I;. Saf ia e
C a m T o n gJohn Wood. Sr.Nelson RiceOmaha School WaBC a J h y D u o p a nG f t a mBrmhohamBrmhoham<• abandonedD s v i d M t J t ia C . W h t t eO.C. WhiteTanA/kwood. Inc. Site*House w/S a t o f t t o D t a h

Tumey

! Inventory and

U s e o t W e B

MunicipalDomasbc
DomasbcDome* be
Domes be
Domes BeDomasbcDomes beDomasbcDomasbcDomes beDomesticDomasbcDomes beDomasbcDomasbcDomasbc
Domes beDomesticDomestic
Dom*st:
DomasbcDomes be
DomasbcDomasbcDomasbc
DomasbcDomasbcDomesticDomasbcDomes tcDomestic
DomesticDomasbcDomasbcDomasbcDomasbcIndustrial
DomesticDomestic

Construction Details cf W a l l s Within Three Mile

Date WellCompleted

09-03-80
09-08-78
07-17-82
01-26-80
01-26-80
10-20-78
10-20-78
07-15-76
07-20*1
1O02-75
09-1S-72
12-10-79
03-15-79
10-30-77
11-20-74
08-20-76
07-29-75
06-15-77
07-2B-75
05-17-71

09-74
01-08-77
07-15-73
08-01-73
05-1A71
02-23-73

09-74
*̂

__
^̂

^
^
_ .
_̂

4k*

W—

^̂

—

Depth I n t e r v a l o f W a t e rPfodocino Formation (f t)

780-785
525-530

274-2745
260-300
280400
664-670660665
210-215€40€50
384-385
47CM80
441-445
520-530
450470
400-440
645490
593-594
348452

519.5-520
190-105
770-772
600610
584490
725-730
145-253

-

T / p e o lFormation

DolomiteLimestoneUmestoneLimestone
Limes tome
Unas toneUnastoneUmastoneUnas toneUmastoneUnas toneUnas toneUmastoneUnas toneSandstone
Unas toneSandstoneUnastoneUmastoneUnastone
Sandstone
UmastoneUnas toneUmastoneUnastoneUmastone—
""
***

""

~"
**
""
™*
«

Radius of the

D a p f c to Water(tt-Wc)

400
S80
240
£50
350
410
160
900250
360
350
450
375
300430
400
350
330
975
400
430
$80

•~
*—
*"
"™*
*•*•
"•
•*•
~
•~— *
™*

-

Arkwood Plant.

Total D e p t h ofWan (rt-Wi)
2109

795550
P65
400
4«e
775667
900668
415
650406
&50
SOS
4£0
70S
610
412
&50
555
763
775
640710
735253?S3

——
—
—
——————

f c

'The Omaha City water s u p p l y i s l o ca t ed wHhin one mile of the She. The total d e p t h of the weB ts 1315' wfth * essbtgd e p t h of 60'. The only water well s a m p l e taken was Irom the Sit a. The d e p t h of the w*li U unknown, however, thepump (•ubmergable) was set at 920'.
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2 . 1 S a m p l i n g P l a n
2.1.1 O b j e c t i v e s

T h e a c t i v i t i e s d e t a i l e d i n t h e C A I s a m p l i n g p l a n have been d e v e l o p e d t o p r o v i d es a m p l e s which when a n a l y z e d s h o u l d y i e l d da ta o f s u f f i c i e n t t e chn i ca l q u a l i t y a n dquanti ty to i d e n t i f y ma jor contaminants , pa thways of contaminant transport and thep o t e n t i a l o f t r a n s p o r t e d c o n t a m i n a n t s to adver s e ly impac t on the environment.
2.1.2 E q u i p m e n t and P r o t o c o l

T h i s s e c t i o n covers t h e genera l c o n s i d e r a t i o n s o f p l a n n i n g a n d p r e p a r a t i o nnecessary for th e p r o p e r u s e o f e q u i p m e n t in th e f i e l d . A l i s t o f t h e s a m p l i n ge q u i p m e n t and p r o t o c o l s are p r e s e n t e d in A p p e n d i x F.
T h e S i t e c o o r d i n a t o r w i l l d e s i g n a t e a n e q u i p m e n t o f f i c e r . I t i s t h e r e s p o n s i b i l i t y o ft h i s per son t o: (1) c o l l e c t , check, pack and s h i p equ ipmen t and s u p p l i e s ; (2) ca l ibratei n s t r u m e n t s pr i o r to t h e i r u s e in the f i e ld; (3) prov ide home-base suuport in the s u p p l yof s u p p l i e s and spare par t s; (4) coordinate the analytical program*, i n c l u d i n g date s ,wi th the contract l a b o r a t o r y s taf f in order to have correct s a m p l e containers p r e p a r e dand s h i p p e d by the labora tory.

2.1.3 A n a l y s e s of I n t e r e s t
Previous s a m p l i n g and a n a l y s i s o f the Site s o i l s , s u r f a c e and ground water havei d e n t i f i e d t h e chemica l c o m p o u n d s e x p e c t e d t o b e p o t e n t i a l o f f - S i t e c on taminant s .Analys i s p e r f o r m e d dur ing Phase I of the Rt/FS will occas ionally also inc lude tetrat h r o u g h octa c h l o r i n a t e d i s omers o f d i b e n z o d i o x i n a n d d i b e n z o f u r a n s . T a r g e tp a r a m e t e r s that are r e p r e s e n t a t i v e o f the d i f f er ent pha s e s and m o b i l i t y o f thec o m p o u n d s known to be present have been d e t e r m i n e d to i n c l u d e p e n t a c h l o r o p h e n o !(POP), n a p t h a l e n e , a c enap tha l ene , f l uor ene . x y l e n e , acetone and to luene. T h e s ec o m p o u n d s cover the range of solubi'it ies and d e n s i t i e s e x p e c t e d to be p r e s e n t e d byS i t e wastes.
The data for Site waste characterization in soils and sediments will be used tod e t e r m i n e e x t e n t to c l e a n u p l e v e l s required. A t a r g e t o f 1 u g / g m (ppm) i s a sa c c e p t a b l e l i m i t o f d e t e c t i o n w i t h t h e e x c e p t i o n o f d i o x i n a n d f u r a n analys i s . F o rd i o x i n s and f u r a n s , th e c l e a n u p g u i d e l i n e s (a s shown in f o o t n o t e (1) o f T a b l e ( )) f oreach isomer will be used. The data on sur fa c e water, ground water, and s p r i n g s willbe used to d e t e r m i n e the ex tent of p o t e n t i a l impact of d r i n k i n g water qua l i ty .

2.1.4 S a m p l e t y p e s , L o c a t i o n s and F r e q u e n c i e s
The t y p e of s a m p l e to be c o l l e c t e d at any Site is d e p e n d e n t upon the sur facecharac t e r i s t i c s o f the Site , the Site h y d r o g e o i o g y , and the nature pnd amount o fp o s s i b l e contaminant s . Areas f r o m which s a m p l e s have been taken i n c l u d e those thatare most likely to contain hazardous material (such as the S i n k h o l e , Railroad Ditch Pitand the T r o l l e y / T r e a t m e n t Area).
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T h e r e w i l l b e three pr imary k i n d s o f s a m p l e s taken f r o m th e Si t e and v i c i n i t y .S a m p l e s w i l l b e c o t ' e c t ed f r o m areas o f known or obvious c o n t a m i n a t i o n f or sourcecharac t e r i za t i on . S u r f a c e water, ground water, soil and s e d i m e n t s a m p l e s w i l l betaken to charac t e r i z e the m o b i l i t y of the p o l l u t a n t s and the soil a t t e n u a t i o n capac i ty . .Biota w i l l b e s a m p l e d to d e f i n e the e x t e n t o f the impac t o f the c ontaminant r e l ea s e sf r o m the Site . A!! s a m p l e s c o l l e c t e d wi l l be r e ta ined to the maximum p e r m i t t e d byh o l d i n g t ime l i m i t s . S o i l s a m p l e s c o l l e c t e d d u r i n g smal l grid a n d large grid s a m p l i n gwil l be e x t ra c t ed and t h e n stored to p e r m i t e x t e n d e d r e t e n t i o n t imes . A n a l y s e s o fstored s a m p l e s can th en be carried out based on need as de t ermined by the dec i s ionl og i c p r e s e n t e d in the f o l l o w i n g di scus s ions.
Phase 1 s a m p l i n g activit ie s will in c lude; (1) soil boring and s a m p l i n g on a largegrid sy s t em cover ing the e n t i r e p l a n t s i t e to characterize the h o r i z o n t a l and vert i calex t en t c f c o n t a m i n a t i o n ; (2) e x t en s iv e soil b o r i n g and s a m p l i n g o f the areas mostobviously i m p a c t e d ; and (3) s a m p l i n g f e e d e r stream sediment s , sur face water andg r o u n d - w a t e r sources t o d e t e r m i n e the ex t ent o f o f f -Sit e i m p a c t s and the i n t e r r e l a t i o no f the se e n v i r o n m e n t a l pa thways . S a m p l e t y p e s , l o ca t ions and f r e q u e n c i e s are l i s t e din Tab l e ( ) through ( ).

It i s a n t i c i p a t e d that there may be s a m p l i n g l o ca t i on s which wil l not be i d e n t i f i e duntil in i t ia l Rl data are available. Poss ib le locat ions could I n c l u d e s p r i n g s i d e n t i f i e dd u r i n g the f i e ld m a p p i n g p o r t i o n o f th e i n v e s t i g a t i o n , a s w e l l a s th e l o c a t i o n s o fabandoned w e l l s . T h e s e l o c a t i o n s m i g h t e v e n t u a l l y be used as part of the l ong- t e rmmonitoring network. Locat ions w i l l be p l o t t e d on a map of s u f f i c i e n t scale to permitaccurate and c onven i en t i d e n t i f i c a t i o n . The map w i l l be s u b m i t t e d to ERA as part oft h e p a c k a g e s e e k i n g t h e i r a p p r o v a l o f t h e s e l e c t ed s a m p l i n g locat ions .
2.1.4.1 W a s t e S o u r c e C h a r a c t e r i z a t i o n

The R a i l r o a d Ditch Pit Area. Ash Pile and T r o l l e y / T r e a t m e n t Areas w i l l b es a m p l e d as d e s c r i b e d in the s m a l l gr id s a m p l i n g s e c t ion under soil boring ands a m p l i n g . Additional data to be used in charac t er iz ing the s e three waste sources arepre s ented in T a b l e ( ).
A c o m p o s i t e s a m p l e o f th e S i n k h o l e f lu id w i l l b e c o l l e c t e d u s ing a C o m p o s i t eLiquid W a s t e S a m p l e r ( C O L I W A S A ) a n d w i l l b e analyzed f o r creosote a n d P C Pc o m p o n e n t s , d i b e n z o d i o x i n s and d i b e n z o f u r a n s , and te tra t hrough octa isomers. Thes a m p l e w i l l b e a l l o w e d to s e t t l e in a jar to d e t e rmine If phase s are p r e s e n t . If phas e sare d e t e c t e d , a d d i t i o n a l s a m p l e s of d i s c r e t e phas e s may be necessary. Data f r o mpast s a m p l i n g of the S i n k h o l e are p r e s en t ed in T a b l e ( ). The d i m e n s i o n s andcontents of .he S i n k h o l e w i l l be d e f i n e d to the ex t ent p o s s i b l e in a n t i c i p a t i o n ofp u m p i n g and excavation.

2.1.4.2 Bolt B o r i n g end S a m p l i n g
Duhng a Sit e i n s p e c t i o n in July. 1936. HPA observed waste o i l In a s h a l l o wconcrete pit. Since that Site visit, the Site owner has covered the pit with dirt. The soilIn the pit will be s a m p l e d as a part if the large grid s a m p l i n g .
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S m a l l Grid S a m p ' ' n g ; T h e most e x t en s ive soil boring a n d s a m p l i n g wi l l o bv i ou s lybe in the t hr e e areas most o b v i o u s l y i m p a c t e d by wastes: (1) The Rai l road Dit ch PitA r e a ; (2) the Trol l ey/Treatment Area by the t r ea tmen t c y l i n d e r ; and (3) the Ash Pil e onthe embankment of the railroad di t ch. S a m p l i n g equ ipment and p r o t o c o l s arede s c r i b ed i n A p p e n d i x F . A l l b o r e h o l e s w i l l i m m e d i a t e l y b e grouted a f t e r s a m p l i n g t ominimize vertical t ranspor t of p o l l u t a n t s .
The gr id s a m p l i n g p l a n s describe the l o c a t i o n s where s a m p l e s w i l l b e taken andis based on the reported d i m e n s i o n s of the impac t ed areas. T h e s e gr id s w i l l bem o d i f e d in th e f i e l d i f necessary in order t o m a x i m i z e r e p r e s e n t a t i v e s a m p l i n g u n d e ractual ex i s t ing condi t ions . AH f i e l d m o d i f i c a t i o n s wil l be presented to the on-site EPAp r o j e c t c o o r d i n a t o r f o r review a n d a p p r o v a l .
R a i l r o a d D i t c h D i s p o s a l A r e a : F i f t e e n soi l bor ings w i l l b e c o m p l e t e d t o augerr e f j s a l in a 15' gr id p a t t e r n , as shown in F i g u r e ( ), This grid i s e s t a b l i s h e d based onthe repor t ed d imens i on s of the d i s p o s a l area of a p p r o x i m a t e l y 15' across by 40' long.S h o u l d the ac tual d i m e n s i o n s o f the d i s p o s a l area be c o n s i d e r a b l y gr ea t e r , the g r i ddis tances w i l l be increased accordingly. The grid p a t t e r n has been laid out to cover anarea su f f i c i en t ly l a r g e t o show t h a t th e area o f c o n t a m i n a t i o n ha s been e n t i r l e yd e f i n e d . To d e f i n e tne area, the outermost s a m p l e s wi l l b e beyond the d i s p o s a l area.T h i s area wil l be d r i l l e d us ing a h o l l o w stem auger to prevent cross contamination f r o ms l u d g e . The b o r e h o l e s w i l l b e i m m e d i a t e l y grou t ed t o min imiz e v er t i ca l t r a n s p o r t o fp o l l u t a n t s .
The d e p t h interval f o r s a m p l i n g i s d e p e n d e n t upon th e d e p t h o f bedrock which i sunknown for t h i s area. S a m p l i n g in t e rva l s w i l l b e a t s u r f a c e , 2 .5 ' b e l ow land s u r f a c e( b i s ) . 5' bis , then at 5' i n t e r v a l s u n t i l auger r e f u s a l , i f pha s ed waste are p r e s e n t , eachdi s t inct phase will be addressed in the s a m p l i n g . S a m p l i n g intervals will be m o d i f i e dt o s a m p l e each phase . If p h a s e s ar e p r e s e n t a t very close i n t e r v a l s , a d d i t i o n a linterval s will be added based on field de t erminat ion. An est imated 60 sample s will bec o l l e c t e d , the actual number wi l l d e p e n d on auger r e f u s a l d e p t h .
The s a m p l e wi l l b e a n a l y z e d for targe t p o l l u t a n t s . Two center s a m p l e s a t 2 .5 ' and5' b i s will also b<* ana lyzed for d i b e n z o d i o x i n s and d i b e n z o f u r a n s , t e t r a t h r o u g h octaisomers.
If t h e f i r s t ana ly s e s indicate contamination ex t ends beyond this s a m p l i n g pa t t ern ,the d e c i s i on tree that will be used to s e lec t a d d i t i o n a l s a m p l e s for a n a l y s t s i s shown inF i g u r e { ). S e c o n d round a n a l y s i s will be for targe t p a r a m e t e r s to be s e l e c t ed basedon p o l l u t a n t and d i o x i n / f u r a n analyses f r om round 1.
T r o l l e y / T r e a t m e n t Area by treatment cylinder; Nine soil borings will be comple t edto auger r e f u s a l in a r e c t a n g u l a r 15' by 50' grid p a t t e r n , as shown in F i g u r e ( ). Theo b v i o u s l y i m p a c t e d area by the t r o l l e y measures a p p r o x i m a t e l y 15' wide by 80* l o n g .The grid pat t ern used for s a m p l i n g this area is rec tangular, as not much variation isc o n t a m i n a t i o n i s a n t i c i p a t e d a l o n g the l e n g t h o f th e t r o l l e y tracks. The outermosts a m p l e s w i l l be beyond v i s u a l l y contaminated areas. Actual s a m p l i n g locations willbe d e t e rmined in the field to i n c l u d e v i s u a l l y contaminated areas. P o t e n t i a l areas may
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be under f o r m e r s u m p s a n d / o r tanks. The b or eho l e s w i l l b e i m m e d i a t e l y grou t ed a f t e rs ampl ing to minimize vertical transport of p o l l u t a n t s .
The d e p t h o f s a m p l i n g t o auger r e f u s a l may no t b e d e e p due t o p r e v i o u sexcavation. D e e p boring w i l l be a c c o m p l i s h e d wi th great caution due to the risk o f"i n t r o d u c i n g a d d i t i o n a l ver t i ca l p a t h w a y s f o r p o l l u t a n t m igra t i on . T h e s a m p l i n g i n t e r v a l swil l b e s u r f a c e , 5 ' b l s , 1 0 ' b i s , 1 5 * bi s , 2 0 ' bis, 2 5 ' b i s a n d 3 0 ' bis. I f f u l l d e p t h i so b t a i n a b l e , an e s t i m a t e d 63 s a m p l e s wi l l b e c o l l e c t e d . All b o r e h o l e s wi l l b eimmed ia t e ly grouted to minimize vertical transport of p o l l u t a n t s .
in i t ia l ly , s a m p l e s w i l l b e analyzed f or target parameters a t s ur fa c e l o ca t ions . If t h ef i r s t analys e s i n d i c a t e t ha t t h e c o n t a m i n a t i o n ha s e x t ended beyond th e s a m p l i n gp a t t e r n , the d e c i s i o n tree that wil l be used to s e lec t a d d i t i o n a l s a m p l e s for a n a l y s i s i sshown in f i g u r e ( ). S e c o n d round analy s e s w i l l be based on the r e s u l t s of round 1.E x t e n d e d s a m p l i n g if neceassary wou ld p r o b a b l y i n c l u d e at 5* bis and a l o n g thecenter transact at 10' bis, 20 bis, and 30' bis. A d d i t i o n a l l y , the sur face sampl e w i l l beanalyzed f or d i b e n z o d i o x i n s and d i b e n z o f u r a n s , t e tra t h r o u g h octa isomers.

Ash Pile: T w e l v e soil bor ing s wi l l be c o m p l e t e d to a d e p t h o f 10' b i s in a 15' gridpat t ern as shown in f i g u r e ( ). The Ash Pile measured a p p r o x i m a t e l y 8' across by 25'-30' l o n g p r i o r to recent Site m o d i f i c a t i o n s by the Site owner. The gr id d i n e n s i o n s wi l lbe d e v e l o p e d in the f i e ld t o cover the current Ash Pile d imens ion. If t e s t i n g shows thatthe grid pa t t ern does not c o m p l e t e l y d e f i n e the extent of contamination, an add i t i ona ltransact will be a d d e d .
The 10' d e p t h of b or ing s i s due to the nature of the Ash Pile, The Ash Pile i s anu n s t a b l e mass, i n c a p a b l e o f s u p p o r t i n g any heavy e q u i p m e n t . This area wi l l b e dr i l l edusing a gas powered hand h e l d auger.
S a m p l e s wi l l be taken at sur fac e , 5' bis and 10* bis. In all, 36 s a m p l e s wil l betaken. One ash s a m p l e wil l be ana lyz ed for d i b e n z o d i o x i n s and d i b e n z o f u r a n s t e t rat h r o u g h acta isomers. T a r g e t p a r a m e t e r s analys e s will be c o m p l e t e d on 12 a d d i t i o n a lsamples: 4 at the surface , at 5' bis and 10* bis, assuming these bis samples are belowthe residuum-
An Interim waste source removal and on-site i s o l a t i o n is part of Phase 2. If bor ing10' bis does not reach the res iduum, add i t ona l soil borings to at least 10' b d l o w the topof the re s iduum, wilt be done as part of Phase 2 a f t e r the Ash Pile has been removed.

Large Grid S a m p l i n g : S o i l boring and s a m p l i n g will be carried out over the entire S i t eus ing a grid w i th 100* centers , as i l l u s t r a t e d in F i g u r e ( ). The s a m p l i n g grid i n c l u d e sareas o f v i s i b l e c o n t a m i n a t i o n ( i n c l u d i n g debris a l ong the entire l e n g t h o f the railroadd i t c h ) , as wel l as several background s a m p l e s f r o m areas o u t s i d e the p l a n t . Ones a m p l e wi l l be taken in the old road. One a d d i t i o n a l boring will be located northwestof s a m p l e if there is v i s i b l e contaminat ion. A d d i t i o n a l s a m p l i n g l o c a t i o n s may bedetermined in the field to i n c l u d e v i s u a l l y contaminated areas. Drainage pa thways on-site and debris along the bank will be in c luded , tn the area of scattered wood chips ,f i v e s h a l l o w bor ings ( l o c a t i o n s to be f i e ld d e t e r m i n e d ) t h r o u g h the wood c h i p s to thetop o f r e s iduum wil l be made wi th a hand auger. T h e s e s a m p l e s v/ i l l be v i s u a l l y
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inspected for s igns of contamination. Any of these sample s that appear to be morec o n t a m i n a t e d than the s u r f a c e s a m p l e f r o m bor ing ( ) wi l l b e analyzed for targe tparameters.
T h e b o r i n g s w i l l b e e x t e n d e d t o a d e p t h o f 5 ' . a n d s a m p l e s w i l l b e taken f r o m t h esurface (4"-6" bi s), and at 5' bis. In all, 68 samples will be preserved
The s u r f a c e s a m p l e s (4"-G" b i s) w i l l b e a n a l y z e d f o r targe t p a r a m e t e r analys e schosen based on results of small grid s a m p l i n g . If there is indicat ion of contamination,5 ' b i s s a m p l e s w i l l b e i m m e d i a t e l y ex trac t ed t o p e rmi t a c c ep tab l e h o l d i n g times. If t h ec on tamina t i on e x t e n d s more than 5' bis, d e e p e r borings will be done as part of Phase2. The Trolley Area s u r f a c e and subsurface s a m p l e s will be used to determine ifd i f f e r e n t t a i j e t p a r a m e t e r s a r e a p p r o p r i a t e f o r s u b s u r f a c e s a m p l e s i n t h e large g r i d .Verification of target parameters will be done by analyzing one surface s a m p l e andone 5 ' b i s s a m p l e f o r t a r g e t po l lu tan t s . The bor ing chosen f or t h i s v e r i f i c a t i o n w i l l b eone in which c o n t a m i n a t i o n is f o u n d in the s u r f a c e but not the s u b sur fa c e u s ing t a r g e tparameters.

2.1.4.3 S t r e a m S e d i m e n t , S u r f a c e - a n d G r o u n d - W a t e r S a m p l i n g
S t r e a m S e d i m e n t s ; S t r e a m s ed imen t s a m p l i n g wil l be done on-si te at two l o c a t i o n s .A n a l y s i s o f t a r g e t p o l l u t a n t s in s e d i m e n t s in Cricket Spring Channe l and Walnut Creekwil l also be p e r f o r m e d . The s a m p l e locat ions are shown in Figure ( ) and aredescr ibed as f o l l o w s :

Cricke t Spring will be s a m p l e d at the source (Sample l o ca t i on ( ), Figure ( )).
Cricket Soring C h a n n e l will be sampl ed at the inter s e c t ion with Cricket Road.T h i s w i l l invo lve c o l l e c t i n g a p p r o x i m a t e l y t w o sampl e s .

* Cr i ck e t Creek will be sampled at one po int above and one point below thec o n f l u e n c e w i t h Cricke t Spring C h a n n e l . Sample 9 wi l l serve as a backgrounds ediment sampl e .
Walnut C r e e k will be s a m p l e d three t imes on 500* centers east of the rai lroad. tunnel and analyzed for target p o l l u t a n t s . Visual in spec t i ons in 1981 indicatedt h i s creek to be less contaminated than Cricket Spring C h a n n e l .

* Barren-Fork will be s ampl ed once, below the c on f lu enc e with Walnut Creek.T h e r e have been no i n d i c a t i o n s in the past that Barren Fork has been i m p a c t e dby the Site, and thi s s a m p l e will be c o n f i r m a t i o n a l . This s a m p l e locat ion is notshown on Figure ( ). The location wilt be f i e l d - v e r i f i e d and presented to EPA forreview and a p p r o v a l .
* On-s i t e l o ca t i on s to be s a m p l e d and analyzed for target p o l l u t a n t s inc lude therunoff areas at the entrance of the Railroad Tunnel and at the Site entrance gate( S a m p l e s ( ), Figure ( )).
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S u r f a c e and G r o u n d - W a t e r S a m p l i n g : S u r f a c e and ground-water s a m p l i n g wi l l b eper formed at various l o ca t i on s , see T a b l e ( ). Seasonal s a m p l i n g wi l l be conductedon a quar t er ly basis throughou t the course of the RI/FS. T h i s s a m p l i n g will spanper iod s o f h i g h p r e c i p i t a t i o n and p e r i o d s o f low p r e c i p i t a t i o n , to d e v e l o p i n f o r m a t i o n ,about th e i n t e r r e l a t i o n o f s u r f a c e - w a t e r f l o w , ground-water f l o w , and zones o f "d i s c h a r p e / r e c h a r g a on a regional basis. The c l imato l og i ca l data for the area aroundthe S i t e has been provided in F i g u r e ( ). T h e s e data show that the months ofDecember and J a n u a r y are the driest months , and the months of April to J u n e are thewettest months. A n a l y s i s o f s a m p l e s wi l l b e fro target p o l l u t a n t s .
S i t e . W e n and S e l e c t e d A b a n d o n e d W e l l s will be sampled on a quarterly basis fortarget p o l l u t a n t s .
Off-Site W e l l s .and S p r i n g s s e l e c t ed will be sampled i n i t i a l l y and then on aquarter ly basis.
C r i c k e t S o r i n g will be s a m p l e d q u a r t e r l y at the source ( S a m p l e number ( ) onF i g u r e ( )), f o r target p o l l u t a n t s . Addi t i ona l ly , a s a m p l e w i l l b e taken f or analyse sof tetra through acta chlorinated isomers of d ibenzodiox in and d.-benzofuran .

* pricket S p r i n g C h a n n e l (th i s i s the channel f l o w i n g f r o m Cricket S p r i n g to CricketC r e e k ) wi l l be s a m p l e d q u a r t e r l y at one po in t above the c o n f l u e n c e with CricketCreek ( S a m p l e number ( ), F i g u r e ( ))
* Cricke t Creek wi l l be s a m p l e d quar t er ly above and below the c o n f l u e n c e withCricket Spring C h a n n e l ( S a m p l e numbers ( ) and { ), F i g u r e ( )). The s a m p l eabove the c o n f l u e n c e is the background sample.
* Canning F a d o r y S o r i n g will be sampled quarterly at the source ( S a m p l e number

( ). F i g u r e ( )).
* W a i n u t Creek w i l l be sampled quarter ly jus t east of the railroad tunnel ( S a m p l enumber ( ), F i g u r e ( )).
* Barren F o r k will be s a m p l e d q u a r t e r l y below the c o n f l u e n c e with W a l n u t Creek

f (not shown on Figur e ( )).
Rainfall Runoff will be sampled at least once per quarter to determine If surfacewater runof f f r o m the s i te has an o f f - s i t e I m p a c t . S a m p l e s o f r u n o f f wil l b eco l l e c t ed at al l ma jor r u n o f f p o i n t s (to i n c l u d e drainage cu lv er t , entrance ofRailroad T u n n e l , and Site entrance gate , see locations ( ), ( } and ( )on F i g u r e ()). T h e s e s ampl e s wi l l be a grab sample , collected during a rainstorm.
Seasonal s a m p l i n g wi l l be conducted on a quarter ly basis to de termine variationsin quality and water level e l evat ions for surface water and ground water monitoringwells selected for use in the hydrogeo log i c investigation.

2,1.5 Q u a l i t y A s s u r a n c e / Q u a l i t y C o n t r o l
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A Q u a l i t y Assurance P r o j e c t P l a n ( Q A P P ) h a s been p r e p a r e d b y C A I f o r t h e S i t eR I / F S . T h e Q A P P w i l l b e reviewed a n d a p p r o v e d b y E P A por ior t o i n i t i a t i n g a n y f i e l dac t ivi t i e s . The Q A P P pre sent s in d e t a i l targe t s f or q u a l i t y o f th e s a m p l i n g , labora toryt e s t i n g , and data analys i s process, and e s tab l i sh e s the procedures to be f o l l o w e d toensure that these targe t s are met.
T h e Q A P P cons i s t s o f t h e f o l l o w i n g e l e m e n t s :

T i t l e Page;T a b l e o f C o n t e n t s ;P r o j e c t D e s c r i p t i o n ;P r o j e c t O r g a n i z a t i o n a n d R e s p o n s i b i l i t y ;Q u a l i t y Assurance Objec t ive s for Measurement o f Data;S a m p l i n g Procedu i e s ;C h a i n - o f - C u s t o d y Procedure s;C a l i b r a t i o n Proc edur e s and F r e q u e n c y ;A n a l y t i c a l P r o c e d u r e s ;Data Reduct ion, V a l i d a t i o n , and R e p o r t i n g ;I n t e r n a l Q u a l i t y Conntrol Checks and Frequency;S p e c i f i c Rout ine Procedure s to Ass e s s Data Prec i s i on, Accuracy andC o m p l e t e n e s s ;Corre c t i v e a c t i on; andQ u a l i t y Assurance Report t o M a n a g e m e n t .
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Q U A L I T Y A S S U R A N C E ( Q A ) O B J E C T I V E S F O R D E T E R M I N I N GP R E C I S I O N , A C C U R A C Y , C O M P L E T E N E S S , R E P R E S E N T A T I V E N E S SA N D C O M P A R A B I L I T Y
QA ob j e c t ive s for prec i s ion, accuracy and compl e t ene s s for target p o l l u t a n t s ,d J b e n z o f u r a n and d ibenzodiox in are provided in the table at the end of thi s section.

1. P r e c i s i o n : Precision is a measure of the r e p r o d u c i b i l i t y of the data. Theprec i s ion of measurements mads for each p r o j e c t w i l l be evaluated andrepor t ed . Prec i s i on wi l l be enhanced by the use of h i g h puri ty material s .s tandards traceable to h igher levels of au thor i ty , knowledge and experiencedlaboratory p e r s o n n e l , procedures consistent with good s c i r n i i f i c practice.P r e c i s i o n w i l l be f u r t h e r be ensured by rigorous i n t e r n a l q u a l i t y c o n t r o l .E x a m p l e s of ac t ivi t i e s which can be used to assess precision inc lude; d u p l i c a t ep a m p t e s taken as i d e n t i c a l l y as po s s i b l e . Compari son of d u p l i c a t e s permitd e t e r m i n a t i o n o f the r e p r o d u c i b i l i t y o f the a n a l y t i c a l technique.' M o n i t o r s ares ampl e s or sites located in close physical p r o x i m i t y to one another in order totest the r e p r o d u c i b i l i t y of the s a m p l i n g technique. I n s t r u m e n t checks aredes igned to minimize a n a l y t i c a l errors due to i m p r o p e r l y cal ibrated equipment.D u p l i c a t e s a m p l e da ta and data f r o m monitors must be w i t h i n theprede t ermined acceptance l i m i t s or variation for analytical data to be acceptablefor purpo s e s of q u a n t i t a t i n g residues at the S i t e . Each instrument used fora n a l y t i c a l measurement s shall have routine checks p er f o rmed to demonstratethat variables are within prede termined acceptance l imit s .
2. A c c u r a c y : Accuracy is a measure of nearness of the reported data to the "truevalue", and will always be reported with the analytical data f r o m Site sample s .I n d e p e n d e n t q u a l i t y control audit s will u t i l i z e s tandards which are separate f r o mthose used d u r i n g rout ine o p e r a t i o n s and will be compared for consi s tency withp u b l i s h e d data f r o m the a p p l i c a b l e l i t era ture , and Federa l and Sta t e r egulat ionsand gu ide l ine s .

Accuracy wi l l be enhanced through the a p p l i c a t i o n of q u a l i t y ca l i bra t i onstandards. Rigorous documentation of data will permit comple t e reconstructionof f i l e s f r o m i n i t i a l f i e ld records through data generation will always be ensured.EPA-approved m e t h o d o l o g i e s will be used. Reference and/or fortified sample swil l also be u t i l i z e d . Performance aud i t s , in c lud ing percentage recovery ofknown s tandard a d d i t i o n s added to r e p r e s e n t a t i v e s ampl e s will be f r e q u e n t .Each measurement program wil l be s ub j e c t ed to p e r f o rmanc e audit s todemonstrate that all measurements are within acceptable, p r e d e f i n e d controll imi t s .
Accuracy is usually expressed as the d i f f e r e n c e between the true value, T, andreported value, X, but is also expressed as a percentage of the reference or truevalue. 1 00

3. C o m p l e t e n e s s : C o m p l e t e n e s s Is a measure of the amount of valid da taobtained f r om a measurement program compared to the amount that would be
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expe c t ed to be obtained under ideal conditions. The data base r e su l t ing f r omany pro j e c t will be rou t ine ly assessed on the basis of expec t ed versus actualdata capture. The data base will be s u b j e c t e d to s ta t i s t i ca l analysis whena p p l i c a b l e .
R e p r e s e n t a t i v e n e s s : Ail s a m p l e s w i l l b e r e p r e s e n t a t i v e o f the a c t u a lc o n d i t i o n s a t th e s a m p l i n g lo ca t ion. Thi s w i l l involve d e t a i l e d c o n s i d e r a t i o n o fthe Site b e ing s a m p l e d , the m e t h o d s used to obtain environernntal sample s atthe Site, and the appropr ia t ene s s of the analyt ical method to the type of sampleobtained.
C o m p a r i b i l i t y : All data will be reported in units consistent with both F e d e r a land S t a t e r e g u l a t i o n s , methods and g u i d e l i n e s and in units c o m p a r a b l e withp r e v i o u s l y p u b l i s h e d work with s i m i l a r me thod s w i t h i n the same t y p e of sample .C o m p a r i b i l i t y be tween d a t a bases wi l l al so b e achieved by s t a n d a r d i z e d Sit es a m p l i n g , m e t h o d s o f a n a l y s i s and d a t a f o r m a t s .
To maintain consistency of units of expres s ion, the SI system of units will beused to express all results.

Parameter
T e m p e r a t u r e
Barometric Pressure
C o n c e n t r a t i o n

F l o w

U n i t s

mm Hg
m g / l i t e r ( l i q u i d s )

(dry weight basis for s o l i d s )
l i t e r / m i n

T h e f o l l o w i n g t a b l e d e t a i l s t h e q u a l i t y assurance o b j e c t i v e s f o r a n a l y t i c a lmeasurements.r
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r

u.

Q u a l i t y A s s u r a n c e O b j e c t i v e s f o r Measur emen t Data
G e n e r a ! C h e m i c a l a n d P h y s i c a l A n a l y s i s '

MeasurementParameter S a m p l e Prec i s i onType S i d . Dev. Accuracy
OJ! and greass
Oil and grease
PH
S p e c i f i c conductance
T e m p e r a t u r e
T o t a l organic carbon
Tota l organic carbon

EPA600/4-78-0020 420.1
EPA60Q/4-79-0020 420 1
S W / 8 4 6 - m e t h o d 9040
EPAGOO/4-70-020 120.1
EPA600/4-79-020 170.1
EPA600/4-79-029 415.1
E P A 6 0 0 / 4 - 7 9 - 0 2 9 4 1 5 . 1

Water
S o l i d
Water
W a t e r
W a t e r
W a t e r
S o l i d

10%
20%
10%
10%
10%
10%
20%

10%
20%
10%
10%
10%
10%
20%

' C o m p l e t e n e s s for all a n a l y s e s l i s t e d in t h i s t a b l e is 90 %.
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P o t e n t i a l T a r g e t P a r a m e t e r A n a l y s e s

measurement Prec i s i on D e t e c t i o nParame t e r M e t h o d M e d i a S t d . Dev. Accuracy L i m i t
A c e n a p t h a l e n e
A e e n a o t h a l e n g

604 W a t e r
8310 S o l i d s

A n t h r a c e n e S W / 8 4 6 - 8 2 4 0
A n t h r a c e n e S W / 8 4 6 - 8 2 4 0
Benzene 602
Benzene S W / 8 4 6 - 8 2 4 0
Benzene
Benzene
E t h y l
Benzene
E t h y l
Benzene

8020
S W / 8 4 6 - 8 2 4 0

S W / 8 4 6 - 8 2 4 0

S W / 8 4 6 - 8 2 4 0

W a t e r
S o l i d
W a t e r
W a t e r
S o l i d s
S o l i d s

N a p t h a l e n e 6 1 0
N a p t h a l e n e 8310
P e n t a c h l o r o p h e n o l 604
P e n t a c h l o r o p h e n o ! 8040
Phenathrane 610
Phenathrane 8310
T o l u e n e S W / 8 4 6 - 6 2 4 0
T o l u e n e S W / 8 4 6 - 8 2 4 0
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Q u a l i t y A s s u r a n c e O b j e c t i v e s F o r M c e £ t t f £ & € £ m Qa*s
D t b e n z o d l o x i n s A n d D I b e n z o f u r a n s

D e t e c t i o n ^ )R e c o v e r y ' 2 ) R e l a t i v e * 2 ) L i m i t sU & A f r t » t C £ f t t
Parameter

D i b e n z o d i o x i n s

M e t h o d ' - 1 )R e f e r e n c e S a m p l eT y p a L i m i t s Percent W a t e r ( p p t )D i f e r e n c e s S o l i d ( p p b )

C h l o r i n a t e d tsomers:
T e t r a
Penta
H e x a
H e p t a
Octa

D i b e n z o f u r a n sC h l o i n a t e d isomer
T e t r a
P e n t a
H e x a
H e p t a
Octa

S W 8 4 6 M e t h o d 8280S W 3 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 6 4 6 Method 828CS W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 3 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280

S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 82bOS W 8 4 6 M e t h o d 8280S W 8 4 6 M £ ! h o d 8280S W 8 4 6 M e t h o d 8280S W 3 4 6 M e t h o d 8280S W 8 4 6 M e t h o d 8280

W a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d s

W a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d sW a t e rS o l i d s

60-140 %60-140 %60-140%60-140 %60-140 %60-140%60-140 %60-140 %60-140 %60-140 %

60-140%60-140 %60-140 %60-140 %60-140 %60-140 %60-140 %60-140%60-140 %60-140 %

£50%soO %£50%£50 %£50%£50%£50%£50%£50%£50%

£50%£50%£50 %£50%£50%£50%£50%£50%£50%£50%

0.40.81.31.32.22.32.84.73.96.4

0.60.51.60.92.52.2N AN AN AN A

L
0> Method p r o p o s e d for inclusion third ed i t i on of S W 8 4 6 (not yet publ i sh*',)(2) Ref er enc e: Cal M e t h o d Laboratory(3) Ref er enc e: S W 8 4 6 Method 8280. S e p t e m b e r 15,1986. draft versionNA - Not available
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S a m p l e C o n t a i n e r s , P r e s e r v a t i v e s , A n d S t o r a g e Requir ement s

M e a s u r e m e n t 3 C o n t a i n e r 1 3 M a x i m u mPreservat ive 0 H o l d i n g T i m e d

L :

L .

Tota l organic carbon
Oil and grease

H y d r o g e n i o n ( p H )
O r g a n i c c o m p o u n d s
E x t r a c t a b l e s ( p h e n o l s )

P u r g e a b t e s ( a c r o l e i nand a c r y t o n i t r i t e )
P o l y c h i o r i n a ' . e d d i b e n z o -p - d i o x i n s and p o l y c h i o r i -nated d i b e n z o f u r a n s
P h e n o l s

P.G
G

P.G

G , T e f l o n -l i n e d s e p t u m

G . T e f l o n -l i n e d s e p t u m
G , T e f l o n -l i n e d cap

P . G

Cool . 4* C 23 daysH 2 S 0 4 to pH <2
Determine on si te 2 hours

Cool . 4* C 7 days (untilH 2 S 0 4 to pH <2 e x t r a c t i o n ) 300.008 %, N a 2 S 2 O 3 days (afterex trac t ion)
Cool . 4* C :\ cUys0.008 %. N a 2 S 2 0 3
C o o l , 4' C

C o o l , 4' CH 2 S 0 4 to pH <2

Extract w i th in30 days , anal-yze w i t h i n 45days
28 days

ur
N o t e s :
a Parameter to be measured in sampl e .b P o l y e t h y l e n e ( p ) o r G l a s s ( G ) .c S a m p l e pre servat ion should be p e r f o r m e d i m m e d i a t e l y upon cample co l l ec t ion.For compos i t e s a m p l e s , each a l iquo t shou ld be preserved at the time of c o l l e c t i o n ifp o s s i b l e . A l i q u o t s o f t h e c o m p o s i t e , which would require m u l t i p l e p r e s e rva t i on s ,should be pre s erved o n l y by m a i n t a i n i n g at 4* C u n t i l c o m p o s i t i n g and s a m p l es p l i t t i n g i s c o m p l e t e d ,d S a m p l e s should be analyzed as soon as pos s ible a f t e r collection. The times li s tedare the maximum t i m e s tha t s a m p l e s may be h e l d b e f o r e ana ly s i s and s t i l lconsidered valid.e S a m p l e s should b e f i l t e r e d i m m e d i a t e l y on-site b e f o r e a d d i n g pre servat ive f o rdi s so lved metal s .f Guidance a p p l i e s to s a m p l e s to be analyzed by GC, LC. or GC/MS for s p e c i f i corganic compounds .
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C H A I N - O F - C U S T O D Y

t

r
L

S a m p l e c u s t o d y i s an i m p o r t a n t part o f f i e ld and labora t ory o p e r a t i o n s whens a m p l e s are needed for e n f o r c e m e n t actions or l i t i g a t i o n . C h a i n - o f - c u s t o d ypro c edur e s w i l t do cument s a m p l e p o s s e s s i o n f r o m ' ' m e o f c o l l e c t i o n t o d i s p o s a l , i naccordance wi th the g u i d e l i n e s e s t a b l i s h e d in the ERA Safety Manual for HazardousWaste Site Investigations ( S e p t e m b e r 1980). In order to maintain and d o c u m e n ts a m p l e c u s t o d y , t h e f o l l o w i n g c h a i n - o f - c u s t o d y pro c edur e s w i l l b e f o l l o w e d . F o r t h epurpose of these procedures, a sample is considered in custody if it is:
* It i s in actual po s s e s s i on of the r e s p o n s i b l e per son;

I n v ibw, a f t e r b e ing i n p h y s i c a l p o s s e s s i on;
Locke •* so t h a t no one can t a m p e r w i t h it, a f t e r hav ing been in p h y s i c a l c u s t o d y ;or
In a secured area, r e s t r i c t e d to authorized p e r s o n n e l .
Prior to s a m p l i n g , al l p e r s onne l involved wil l have received copie s of the chair.-o f - c y s t c d y procedure. A b r i e f i n g for the se p er s onne l wil l be he ld and documented incon junc t i on with t h e Heal th and Saf e ty t ra in ing program. The c h a i n - o f - c u s t o d yprocedure will be covered, as we l l as s a m p l i n g and s a m p l e h a n d l : n g proc edure s .B r i e f i n g of personnel is the r e s p o n s i b i l i t y of the Field Supervisor.

S a m p l i n g T r a n s f e r a n d S h i p m e n t
T h e f o l l o w i n g g u i d e l i n e s w i l l b e f o l l o w e d i n t r a n s f e r r i n g a n d s h i p p i n g s a m p l e s .
S a m p l e s w i l l b e p r o p e r l y p a c k a g e d f o r s h i p m e n t a n d d i s p a t c h e d t o t h ea p p r o p r i a t e l a b o r a t o r y f o r a n a l y s i s w i th a s epara t e record p r e p a r e d f o r eachlaboratory. S h i p p i n g containers will be p a d l o c k e d or otherwise secured fors h i p m e n t to the laboratory.

* W h o n t r a n s f e r r i n g posse s s ion o f s a m p l e s , the ind iv idua l r e l i n q u i s h i n g the s a m p l eand the new cu s t od ian will s ign the record and denote the date and time. A copyof the signed record will be made by the previous custodian and sent to there c e iv ing labora t ory t o a l l o w t ra ck ing o f s a m p l e po s s e s s ion. All change o fcu s t ody of s a m p l e s must be a per son- to-per son exchange of cu s tody document sand sampl e s .
The f o l l o w i n g documentation will suppl ement the chain-of-custody records:

* Field log book, which will be f i l led upon c ompl e t i on on the pro j e c t f i les;
* S a m p l e tag of each s a m p i e ;
* S a m p l e seal on eac,n s a m p l e ; and
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tp
* P h o t o g r a p h i c records, wherever prac t i ca l and to the ex t ent e c onomica l ly f e a s i b l e .
L a b o r a t o r y C u s t o d y Procedure s

The f o l l o w i n g genera l g u i d e l i n e s s h o u l d b e used by th e l a b o r a t o r y s a m p l ec u s t o d i a n in m a i n t a i n i n g the c h a i n - o f - c u s t o d y once the s a m p l e s have been receivedin th e i r laboratory.
* U p o n receipt of s a m p l e s in cu s tody, the package will be I n s p e c t e d and anydamage to the s e a l i n g t a p e or o ther custody seals will be noted.

The sample s received by the laboratory will be crossed-checked to v e r i f y that thei n f o r m a t i o n on the s a m p l e t a g s matched that on the cha in-o f - cu s i ody recordi n c l u d e d wi th t h e s h i p m e n t .
* ff all the data and s a m p l e s are correct, and tnore has been no t a m p e r i n g with thecustody seals, the "received by laboratory" box is signed and dated.
* The s a m p l e s w i l l b e d i s t i b u t e d t o t h e a p p r o p r i a t e a n a l y s t s , w i t h names o fi n d i v i d u a l s who receive s a m p l e s to be recorded in internal laboratory records.
* U p o n sampl e des truct ion c* d i s p o s a l , the custodian re spons ib le for the d i s p o s a lwi l l c o m p l e t e the c h a i n - o f - c u s t o d y record, f i l e a c o p y , and send a copy to theP r o j e c t M a n a g e r f o r r e c o r d k e e p i n g . A l l s a m p l e s n o t consumed d u r i n g a n a l y s i sshall be kept for three months.
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C R A N M E R & A S S O C I A T E S , I N C .C H A i N - O F - C U S T O D Y R E C O R D

P r o j e c t / N u m b e r
S h i p p i n g Conta iner I D :
S a m p l e ( s ) ______

of
Location:
Laboratory:,

DateS a m p l e ident i ty Sampled S a m p f e Container Descriptor) Total Remark*

Relinqu i sh ed by:____
Date:______ Tuna:
Rel inqui shed by:____
pale:______ Time:.
Relinquiihw? by:____
Dale:______ Time:_
Delivery method:____

Organization:.

Organization:.

Organizat ion. ,

Total No. ol Container s
Received by:______

Data:______ Time:,
Received by:______

Date:___ _„ Time:

Organization.

Organization^

Received by:_______
Date;______ Time:

Organization.

(attach (hipping b f l l . I f a n y ) (Use extra sheets. II necessary)
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t
5
C
C

S a m p l e I d e n t i f i c a t i o n
Each f i e ld s a m p l e w i l l b e i d e n t i f i e d by a s a m p l e tag which i s f i l l ed out u s ing waterre s i s tant ink. I n c l u d e d on the tag ( u s u a l l y s u p p l i e d by the l a b o r a t o r y ) are the s a m p l ei d e n t i f i c a t i o n number, da t e , t ime and locat ion of s ampl e c o l l e c t i o n , d e s igna t i on of thes a m p l e ( g r a b , p u m p , or c o m p o s i t e ) , th e t y p e o f s a m p l e and pr e s e rva t iv e , any p e r t i n e n tremarks, and the s i g n a t u r e of the s a m p l e r .
The i n f o r m a t i o n w i l l b e recorded in the bound l o g b o o k a l o n g w i t h any i n - s i t umeasurement data and f i e l d observations. After c o l l e c t i o n and i d e n t i f i c a t i o n , th es a m p l e wi l l b e i n d i c a t e d f or and mainta ined under th e C h a i n - o f - C u s t o d y procedure so u t l i n e d below. I f t h e s a m p l e c o l l e c t e d i s t o b e s p l i t wi th F e d e r a l o r S t a t e agenc i e s ,then the a p p r o p r i a t e s a m p l e receiver wi l l be indi ca t ed on the s p l i t s a m p l e tag which isa f f i x e d o n t h e c on ta iner c o n t a i n i n g t h e s p l i t s a m p l e a l i q u o t .

S a m p l e C u s t o d y I n t h e F i e l d
The f o l l o w i n g general g u i d e l i n e s w i l l b e used for e s t a b l i s h i n g and m a i n t a i n i n gcu s t ody o f f i e l d s a m p l e s :
S a m p l e tags wil l be c o m p l e t e d for each s a m p l e , using waterproof ink. makingsure that the t a g s are l e g i b l e and af f ixed f irmly on the s a m p l e container.
A l l i n f o r m a t i o n w i l l b e recorded i n t h e f i e l d i n bound notebooks with s e q u e n t i a l l yn u m b e r e d p a g e s , u s i n g s a m p l e i d e n t i f i c a t i o n numbers f r o m t h e t a g s a sreferences .
T h e f i e l d i n v e s t i g a t o r w i l l b e p e r s o n a l t y r e s p o n s i b l e f o r t h e care a n d c u s t o d y o fthe s a m p l e s c o l l e c t e d u n t i l t h ey can be t r a n s f e r r e d or p r o p e r l y d i s p a t c h e d .
A cha in-o f- cu s t ody record willl be in i t i a t ed in the field for every s a m p l e or set ofs a m p l e s that are b e ing s h i p p e d to the same laboratory. A copy of t h i s record willaccompany th e s a m p l e .
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C A L I B R A T I O N P R O C E D U R E A N D F R E Q U E N C Y
A c a l i b r a t i o n pro c edure e s t ab l i s h e s the r e l a t i o n s h i p between a known c a l i b r a t i o ns t a n d a r d and the measurement of t ha t s t a n d a r d by an i n s t r u m e n t or a n a l y t i c a lprocedure. S t a n d a r d s are run at least once each time an instrument or procedure isused.

C a l i b r a t i o n F o r F i e l d A n a l y s i s
P l a n s w i l l b e d e v e l o p e d a n d i m p l e m e n t e d f o r a l l f i e l d a n a l y s i s t e s t s , c o l l e c t i o ne q u i p m e n t , a n d c a l i b r a t i o n s t a n d a r d s u sed, which w i l l i n c l u d e t h e f o l l o w i n g : ( a )calibration and maintenance intervals , (b) a list of the required cal ibrat ion s tandard s ,(c) the e n v i r o n m e n t a l c o n d i t i o n s tha t warrant c a l i b r a t i o n , and (d) a sy s t em of r e c o r d i n gdocuments.
A n y e q u i p m e n t used t o q u a l i t a t i v e l y d e t e c t u n s a f e / u n h e a l t h f u l o r p o t e n t i a l l yd a n g e r o u s c o n d i t i o n s f or workers , such a s p h o t o i o n i z e r s , w i l l b e c a l i b r a t e d b e f o r eeach measurement p e r i o d . E q u i p m e n t used to q u a n t i t a t i v e l y measure e n v i r o n m e n t a lparamet er s w i l l be ca l i bra t ed at a minimum of once a day by compari son to ac a l i b r a t i o n s t a n d a r d p r e p a r e d e i t h e r g r a v i m e t r i c a l l y o r f r o m c o m m e r c i a l l y p r e p a r e dstock s o l u t i o n s . Measurement devices that do not a l l o w for ca l i bra t i on (i, e.t h e r m o m e t e r s ) wil l have t h e i r accuracy d e t e r m i n e d by c ompar i s on to t h e r m o m e t e r sthat have been c a l i b r a t e d accoroing to the relevant ASTM standards .
For s a m p l i n g o f hazardous waste streams and con ta iner s , th e s a m p l i n g m e t h o d sdescribed by the ERA and E P A - a p p r o v e d m e t h o l o g i e s (e.g. ASTM s t a n d a r d s ) wil l bef o l l o w e d , i n c l u d i n g c a l i b r a t i o n p r o c e d u r e s de s cr ib ed .

C a l i b r a t i o n o f L a b o r a t o r y E q u i p m e n t
For chemical ana ly s e s , a c a l i b r a t i o n curve is made or at l eas t checked for eachbatch of s a m p l e s . The accuracy of the c a l i b r a t i o n is assured by c a r e f u l a t t e n t i o n tos t andard s o l u t i o n s . - T h e s e s o l u t i o n s ar e pr epared e i t h e r g r a v i m e t r i c a l l y or f r o mc o m m e r c i a l l y a v a i l a b l e s tock so lu t i ons . W h e n e v e r a ne ; stock s o l u t i o n is p r e p a r e d , itwi l l be compared to the old standard to assure consistency. AH sampl e s can bec a l c u l a t e d u s ing a l i n e a r leas t-squares f i t o f the c a l i b r a t i o n curve. To ensure thaiin s trumental response Is not changing as a f u n c t i o n of time, one standard f r om thec a l i b r a t i o n s t a n d a r d s s h o u l d be run every ten s a m p l e s , and a c o m p l e t e c a l i b r a t i o ncurve should be run at least every t h i r t y sampl e s .
All c a l i b r a t i o n and r e c a l i b r a t i o n procedure s and m e t h o d o l o g i e s used d u r i n gchemical analyses will be f o l l o w e d as provided in EPA p u b l i c a t i o n s SW-846 "Tes.M e t h o d s f o r E v a l u a t i n g S o l i d Wastes" a n d EPA60074-79-020 "Methods f o r Chemica lAnalys i s of Water and Wastes". The calibration procedures that are f o l l o w e d will bed o c u m e n t e d and wil l i n d i c a t e what t e s t s o f the c a l i b r a t i o n are a p p l i c a b l e , thes t a n d a r d s , and p r o v i d e f or l a b e l i n g the ca l i b ra t i on data with the a p p r o p r i a t e da t e s t oensure usage of the current c a l i b r a t i o n curve.
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For p e r f o r m i n g water, s l u d g e and s o i l / w a s t e chemical analyse s , the f o l l o w i n greferences are used:
"Test M e t h o d s f o r E v a l u a t i n g S o l i d W a s t e s ; P h y s i c a l / C h e m i c a l M e t h o d s * , S W -846, E R A , July, 1982.
" M e t h o d s f p r A n a l y t i c a l Q u a l i t y C o n t r o l i n W a t e r a n d W a s t e w a t e r Laborator i e s" ,E P A 6 0 Q / 4 - 7 9 - 0 1 9 , E P A , March 1979.

• "Standard M e t h o d s for the E x a m i n a t i o n of W a t e r and Was t ewat er" , 15 th or 16 thEdi t i on s , A P H A . A W W A , W P C F . 1985.
D o c u m e n t a t i o n

Laboratory t e s t i n g programs wil l u t i l i z e prepared f o rms to s y s t e m a t i c a l l y andu n i f o r m l y document a d m i n i s t r a t i v e and technical i n f o r m a t i o n . T h e s e f o r m s sha l l beprepared prior to i n i t i a t i n g the test programs. Chemical analys i s documentat ion andso i l s a m p l e te s t f o r m s s h a l l b e c o m p l e t e d d u r i n g th e t e s t i n g and subsequent d a t ar e d u c t i o n . A l l reques t ed i n f o r m a t i o n s h a l l b e a d d r e s s e d . T h i s i n f o r m a t i o n s h a l li n c l u d e , as a p p r o p r i a t e :
Proje c t name and number,
Ident i f i ca t i on o f test p e r s o n n e l .
I d e n t i f i c a t i o n o f calibrated equipment used (tes t equipment l i s t g iv ing equ ipmen tand i d e n t i f i c a t i o n number),
Test data and subsequent data reduction,
Tes t re sul t s in the f orm of tab le s and curves, and

• U n u s u a l c o n d i t i o n s encountered.
All labora tory a d m i n i s t r a t i v e f o r m s , test da ta , c omputer p r i n t o u t s and ch e ckpo in t ssha l l be organized and maintained by the Laboratory Directors unt i l t ran s f e rr ed to theProjec t Manager.
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2 , 2 H e a l t h a n d S a f e t y P l a n
E s t a b l i s h i n g a p p r o p r i a t e p e r s o n n e l h e a l t h and s a f e t y r e q u i r e m e n t s i s ani m p o r t a n t part o f a n y hazardous waste S i t e i n v e s t i g a t i o n , A H e a l t h a n d S a f e t y P l a nhas been d e v e l o p e d for the S i t e , and is included. T h i s p l a n has been deve loped to bec o n s i s t e n t w i t h t h e D e p a r t m e n t o f L a b o r , O c c u p a t i o n a l S a f e t y a n d H e a l t hA d m i n i s t r a t i o n ( O S H A ) , s tate a n d local requirements .
T h e H e a l t h a n d S a f e t y P l a n h a s t h e f o l l o w i n g e l e m e n t s :
I n t r o d u c t i o n ;D e s i g n a t i o n o f R e s p o n s i b i l i t y ;Dotermination of Work Areas;S i t e P r e p a r a t i o n ;S i t e D e s c r i p t i o n a n d W a s t e C h a r a c t e r i s t i c s ;Personnel Pro t e c t i on Program;P e r m i s s i b l e E x p o s u r e L i m i t Prov i s i on s ;N o t i f i c a t i o n o f E m e r g e n c i e s ;Exposure M o n i t o r i n g ;Emergency S i t u a t i o n s ;Personne l P r o t e c t i o n Zone R e q u i r e m e n t s ;V i s i t o r Pro t e c t i on;H o u s e k e e p i n g ;W a s t e D i s p o s a l ;M e d i c a l S u r v e i l l a n c e ;Emergency F i r s t A i d R e q u i r e m e n t s ;Safety Equipment Required On-Sit e; andR e c c r d k e e p i n g .
A copy of the H e a l t h and S a f e t y Plan will be made available to EPA for use byEPA f i e l d p e r s o n n e l , t o ensure cons i s t en t h e a l t h and s a f e t y p r p o c e d u r e are e m p l o y e da t t h e S i t e f o r a l l p e r s onne l invo lved in RI/FS act ivi t i e s .
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Cranmer and A s s o c i a t e s , Inc.
I N T R O D U C T I O N

A p e r s o n n e l Safe ty and Heal th P l a n has been pr epar ed by Cranmer &A s s o c i a t e s , I n c . , ( C A I ) f o r t h e S i t e , a s de s cr ibed i n t h e R e m e d i a l I n v e s t i g a t i o n a n dF e a s i b i l i t y S t u d y ( R I / F S ) W o r k P l a n P r o p o s a l f o r t h e S i t e .
The requirements of the Safety and Health Plan are based upon the scope of Sitework described in the Rl/FS which was based in large part on an ear l i e r S i t ei n v e s t i g a t i o n conduc t ed b y C A I , various e n g i n e e r i n g c o n s u l t i n g f i r m s , A D P C & E , a n dEPA between 1981 and 1987. The l e v e l of p e r s o n n e l p r o t e c t i o n is based uprn thedata obtained f r o m the above r e f e r enc ed .
The technical o b j e c t i v e of o n - S i t e inve s t i ga t i on s has been divided into twophases: a Remedial I n v e s t i g a t i o n and a F e a s i b i l i t y S t u d y . The purpo s e of this Safetya n d H e a l t h P l a n i s t o a d d r e s s t h e s a f e t y a n d h e a l t h concerns d u r i n g t h eI m p l e m e n t a t i o n o f the RI/FS and tho s e tasks required to obtain r e p r e s e n t a t i v e soil andwater s a m p l e s at the Site and conduct f e a s a b i l i t y s tud i e s and remedial actions.
The f o l l o w i n g guidance regarding worker s a f e t y was provided by EPA in its f i n a lagency po s i t i on of P e n t a c h l o r o p h e n o l (PCP) and Creosote f o u n d in PD-4 July, 1984.

• EPA p e r m i t t e d the d i s p o s a l of t r ea t ed wood which contained 10,000 ppm PCPand 100,000 ppm creosote by ordinary trash c o l l e c t i o n or burial. EPA warnedthat treated wood should not be burned In open f i r e s or stoves or f i r e p l a c e sbecause toxic chemicals may be produced in the smoke and ashes. EPA advisedthat large quant i t i e s of treated wood f r o m commercial or indus tr ia l use (e.g..c o n s t r u c t i o n s i t e s ) may be burned in commercial or i n d u s t r i a l i n c i n e r a t o r s inaccordance wi th Sta t e and F e d e r a l r e g u l a t i o n s .
Prot e c t iv e C l o t h i n g and E q u i p m e n t . A p p l i c a t o r s must wear gloves* i m p e r v i o u sto the wood trea tment f o r m u l a t i o n in all s i tuat ions where dermal contact ise xpe c t ed (e.g., h a n d l i n g f r e s h l y treated wood and manual ly o p e n i n g c y l i n d e rdoors).
Creo s o t^: A p p l i c a t o r s who m a n u a l l y open c y l i n d e r doors must wear gloves*i and a r e sp i ra t or ( p r o p e r l y f i t t ing, w e l t - m a i n t a i n e d , h a l f - m a s k cannis t er or c a r t r i d g er e s p i r a t o r which i s M S H A / N I O S H - a p p r o v e d f o r p o l y n u c l e a r aromatics a n dorganic vapors).

'Examples of ac c ep tab l e materials for protec t ive c lo thing (e.g. gloves, overalls, jacket s and boots)required during appl i ca t i on and handling of creosote are polyvinyl acetate (PVA), polyvinyl chloride (PVC)
and NBR (Buna-N); for pentachtorophenot. acceptable materials are polyvinyl acetate, p o l y v f n y l chloride,neoprene, NBR and nftrile. In addition, p las t i ca ted di sposable coveralls Impervious to dust are acceptablefor dust protec t ion ( p e n i a c h l o r o p h e n o l ) . E x a m p l e s o f protec t ive c l o t h i n g (e.g., gloves, overal l s , J a c k e t s
and boots) required during a p p l i c a t i o n and h a n d l i n g of I n o r g a n i c arsenicals are v inyl , po lyvinyl ch l ork l e ,
neoprene,- NBR, rubber and p o l y e t h y l e n e .
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P e n t a c M o r o p h e n o l : A p p l i c a t o r s w h o m a n u a l l y o p e n c y l i n d e r doors must wearg l o v e s and a r e s p i r a t o r ( p r o p e r l y f i t t ing, w e l l - m a i n t a i n e d , h a l f - m a s k cannis ter orc a r t r i d g e r e s p i r a t o r which i s MSHA/NIOSH-approved f or organic vapors and acidgases).
C r e o s o t e and P e n t a c h l o r o p h e n o l : A p p l i c a t o r s who en t er pre s sure t r ea tmen tc y l i n d e r s and o thsr r e la t ed equ ipment that is contaminated with the woodt r e a t m e n t f o r m u l a t i o n (e.g., c y l i n d e r s that are in o p e r a t i o n or are not f r e e of thet r e a t m e n t f o r m u l a t i o n ) must wear p r o t e c t i v e c l o t h i n g ( i n c l u d i n g c overa l l s , j a c k e t ,g l o v e s and boots}* imperv i ou s to the wood treatment f o r m u l a t i o n and a r e sp i ra toras described in the previous section.

It would be near ly i m p o s s i b l e for the most carele s s worker on the Site to ob ta ine x p o s u r e s as h i g h as tho s e a n t i c i p a t e d by EPA for workers at an active t r e a t m e n tp l a n t .
C r a n m e r a n d A s s o c i a t e s , I n c . , R e s p o n s i b i l i t y

A i l r ea sonab l e p r e c a u t i o n s s h a l l b e taken b y Cranmer & A s s o c i a t e s , I n c . ( C A I )and other contractors to ensure the s a f e t y and h ea l th of workers and the generalp u b l i c . CAI and contractors s h a l l c o m p l y wi th a l l F e d e r a l , S t a t e and local s a f e t y andh e a l t h r e g u l a t i o n s and requirement s . CAI and contractors s h a l l also c o m p l y wi th a l ls a f e t y and h e a l t h requirement* d e l i n e a t e d In the Remedial I n v e s t i g a t i o n andF e a s i b i l i t y S t u d y o f W a s t e S t o r a g e F a c i l i t i e s a t t h e S i t e . Ev id enc e o f c o m p l i a n c e w i l lba prov id ed by the m o n i t o r i n g records generated f r o m s a f e t y and h e a l t h programs.
S c o p e

This Si t e Saf e ty and Heal th P l a n de s cr ib e s t h e m e t h o d s t o b e used t o moni torand p r o t e c t p e r s o n n e l d u r i n g the c h a r a c t e r i z a t i o n and r e m e d i a t i o n of the wasted i s p o s a l areas at the Site. A p p l i c a b l e s a f e t y and h e a l t h s tandard s are s p e c i f i e d andthe r e s p o n s i b i l i t i e s for carrying out t h i s p l a n are de s cr ibed . G u i d a n c e on p r o g r a mr e q u i r e m e n t s and hazard control and m o n i t o r i n g is i n c l u d e d . It is i m p o r t a n t that thes t a n d a r d s and p r o c e d u r e s be u n d e r s t o o d and observed by all p e r s o n n e l andcontractors.

r~
U

O R G A N I Z A T I O N A N D R E S P O N S I B I L I T I E S
S t a f f i n g a n d L i n e s o f A u t h o r i t y

Per sonne l a t t h e S i t e w i l l i n c l u d e a n O n - S i t e H e a l t h a n d S a f e t y O f f i c e r ( O S H S O )to ensure that all work a c t i v i t i e s are conducted in accordance with the requirements ofthis plan. An alternate to the OSHSO will also be named. Lines of authority for s a f e t yand h e a l t h management will be i n d e p e n d e n t of those for op era t i ona l management toassure that Site s a f e t y and h e a l t h f u n c t i o n s are not ov e rr idd en by o p e r a t i o n a lconcerns.
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T h e O S H S O a n d a l t e r n a t e w i l l c ommunica t e S i t e - s p e c i f i c s a f e t y a n d h e a l t hquestions to the Site Safe ty and H e a l t h Coordinator who will c o n f e r with the OSHSOconcerning deviat ions in the S a f e t y and Health Plan.

S I T E D E S C R I P T I O N A N D W A S T E C H A R A C T E R I S T I C S
A de s c r ip t i on of each Site waste, what is known of the d i spo sa l procedures, andthe substances that may be present are assembled in the f o l l o w i n g pages along withC A I ' s recommendations f o r personnel protec t ion f o r t h e o n - S i t e monitoring that will b econducted t h r o u g h o u t t h e p rogr e s s o f t h e s a m p l i n g program. T o x i c o l o g i c a l data f o reach of the chemical s u sp e c t ed at the Site are i n c l u d e d .

Process T r e a t m e n t and S i n k h o l e Area
S i t e D e s c r i p t i o n . The tr ea tment process area consisted o f treatment s o lu t i ontanks and a pr e s sur e c y l i n d e r . D u r i n g the t r e a t m e n t proces s , the pres sure c y l i n d e rwas d r a i n e d of p r e s e r v a t i v e and a vacuum was created to remove the exces st r ea tmen t mixture f r o m the wood. Oil f r o m c l ean-up proc edure s was d i s p o s e d of bywashing it into a s inkhole located near the treat ing cyl inder. Cons t i tu en t s known to bepresent in subsoil are: Pentach l oropheno l (PCP) and creosote ( p o l y n u c l e a r aromatichydrocarbons, PAHs). Soil samples co l l e c t ed in J u n e , 1985, indicated lower level s ofp o l y c h l o r i n a t e d d i o x i n s and furan*, that might have been a n t i c i p a t e d .

S u b s t a n c e s o f S a f e t y a n d H e a l t h Conc ern:
Based upon the i n f o r m a t i o n made available to CAI, a f t e r the treatment processe n d e d , the treated mater ia l s were then t ran s f e rr ed from the pressure cy l inder to thes torage yard f o r s h i p m e n t . S o m e pre s ervat ive s o l u t i o n d r i p p e d o f f o f t h e t r e a t e d woodaround the trucks up to the t r ea tmen t c y l i n d e r . C o n s t i t u e n t s e x p e c t e d to be pre s en t insubsoil are: P C P a n d creosote.

S u b s t a n c e s o f S a f e l y a n d H e a l t h Concern:
P C P a n d C r e o s o t e C o m p o n e n t s

Level oLPersc-nal P r o t e c t i o n
Level C: excavation, p u m p i n g , barreling
Level D; normal Site movement
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S A F E T Y A N D H E A L T H P R O G R A M R E Q U I R E M E N T S
S i t e P r e p a r a t i o n

The s u p p o r t area and d e c o n t a m i n a t i o n corridors wi l l bo prepared for f o o t andv e h i c u l a r traf f ic by removal of any r e m a i n i n g ob s truc t ion at the Site .
W o r k e r T r a i n i n g

T r a i n i n g w i l l be p r o v i d e d to all contractor and service p e r s o n n e l a s s igned to orr e g u l a r l y enter ing the Site for the purpo s e o f p e r f o r m i n g or superv i s ing work, forhea l th , s a f e t y , security, or admini s trat ive purpo s e s , for maintenance, or for any otherSite i n v e s t i g a t i o n - r e l a t e d f u n c t i o n . The t r a i n i n g session wil l be at l ea s t two hours ind u r a t i o n and wi l l i n c l u d e a l l th e i t ems l i s t e d b e low and emergency i n s t r u c t i o n f orchemical exposure or release, f i r e or e x p l o s i o n , and personal injury.
S i t e S a f e t y a n d H e a l t h P l a n
P h y s i c a l h e a l t h hazards i d e n t i f i e d a t t h e S i t e i n c l u d i n g acute a n d chronic e f f e c t sof waste c o n s t i t u e n t s i d e n t i f i e d a t the Site .
Personal hyg i ene

• S a f e t y equipment and procedures required for personal protec t ion.
• P r o p e r use and f i t t ing of r e sp i ra t or s .

W o r k zones e s tab l i shed at the S i t e .
• Prohib i t i on s whi l e on areas:

1. Beards and l o n g s ideburns2. E a t i n g , smoking, chewing3. Personal ar t i c l e s , e.g., watches and rings4. W o r k i n g when HI
Buddy system
M e d i c a l surve i l lance

• H e a t stress moni t or ing
Personnel will not be a l l o w e d to enter the Site to p e r f o r m work who have nots u c c e s s f u l l y c o m p l e t e d the required training.
In add i t i on to worker t r a i n i n g , al l Site personnel will attend a da i ly re fre sher s a f e t ymeet ing t o discuss s a f e t y pro c edure s I n regard t o t h e d a y ' s p l a n n e d activit ie s .
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R e c o r d k e e p l n g
Records of all moni tor ing required as described below and shown in T a b l e 1 wi l lbe maintained.

1 . The d a t e s , number, d u r a t i o n , and r e s u l t s o f a i r s a m p l e s taken. T h e s emeasurements sha l l be writ ten in an instrument leg book that shal l be a v a i l a b l efoi" inspec t ion at all times.
2. A d e s c r i p t i o n of the s a m p l i n g and a n a l y t i c a l m e t h o d s usad.
3. T y p e of respiratory protec t ive devices worn.
4. N a m e , social s e cur i ty number, and job c l a s s i f i c a t i o n of the e m p l o y e e monitored.
C o m p l a i n t s

E m p l o y e e s are to be encouraged to report to the OSHSO. e i t h e r d i r e c t l y ort h r o u g h th e i r au thor ized e m p l o y e e r e p r e s e n t a t i v e , any c o n d i t i o n s cr prac t i c e s whichthey consider d e t r i m e n t a l to the ir heal th or s a f e t y or which they believe are in violat ionof a p p l i c a b l e s a f e t y and h e a l t h s tandards. Such c ompla in t s may be made oral ly or inwri t ing. Each con trac t or s h a l l also have a v a i l a b l e a f o r m to be used in r e p o r t i n gviola* !ons ( A t t a c h m e n t A).
An e m p l o y e e , or r epr e s en ta t iv e of employe e s , who believes that an imminentdanger e x i s t s tha t t h r e a t e n s to r e s u l t in d e a t h or serious phys i ca l harm, is encouragedt o br ing t h i s m a t t e r t o t h e i m m e d i a t e a t t e n t i o n o f t h e O S H S O f o r r e s o lu t i on . I n t h eevent of inadequate corrective action, the *mpioyee anci/or authorized representat ivemay also contact the local agency having j u r i s d i c t i o n , the Projec t Office, the Healtha n d S a f e t y O f f i c e r , o r t h e Occupa t i ona l S a f e t y a n d H e a l t h A d m i n i s t r a t i o n ( O S H A ) b yt e l e p h o n e and arrange an a p p o i n t m e n t for an in spe c t i on .

R e s t r i c t i o n s
A worker under age 21 s h a l l n e i t h e r be e m p l o y e d in, or a l l o w e d to f r . t or ,c o n t r o l l e d areas when c o n d i t i o n s exist that may be p o t e n t i a l l y i n j u r i o u s to h. s /harhealth.

I n t e r n a l A u d i t s
I n t e r n a l s a f e t y and h e a l t h audit s shall be conducted to ensure compliance withthe requirements of t h i s p l a n . An init ial audi t wil l be conducted by the OSHSO w i t h i nthree weeks of commencing waste charac t er i sa t ion s a m p l i n g and wi l l provide f o l l o w -up actions if any v io la t i on of s a f e t y and hea l th stan^ *X A d d i t i o n a l audits will beconducted p e r i o d i c a l l y , at least once a month.

C o n t r o l l e d A r e a s
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C o n t r o l l e d areas s h a l l be e s t a b l i s h e d to protec t the workers f r o m unnecessaryexposure to r e s idue s of POP or creosote, an-J to prevent the spread of c on taminat i on .C o n t r o l l e d areas i n c l u d e , but are not l i m i t e d to, any work area sub j e c t to p e n e t r a t i o n ore x cava t i on o r where t h e p o t e n t i a l e x i s t s f o r s i g n i f i c a n t d i s p e r s a l o f c on tamina t edmaterial f r o m a work area, t h r o u g h p er s onne l or equipment t r a n s f e r .
C o n t r o l od access for p e o p l e , v e h i c l e s , and equ ipment wi l l prevent i n a d v e r t e n te x p o s u r e and spr ead to c o n t a m i n a t e d mater ia l . The e n t i r e Site w i l t o c c a s i o n a l l y beconsidered a c o n t r o l l e d arua. The Site i s c u r r e n t l y f e n c e d . The i n t e g r i t y o f the f e n c ewi l l b e improved . In a d d i t i o n , a map, u p d a t e d d a i l y i f necessary, w i l l b e p r o v i d e d t oworkers c l e a r l y d e l i n e a t i n g c o n t r o l l e d areas.

P o s t i n g
C o n t r o l l e d areas will be c on sp i cuou s ly marked at po int s of p o t e n t i a l access wi tha p p r o p r i a t e s i g n or s igns a c c o r d i n g t o a p p l i c a b l e p o s t i n g and l a b e l i n g r equ i r emen t sset f o r t h in 29 CFR 1910.
At times when it is necessary to barricade or " r o p e - o f f " an area, all barricades,.'opes , a; id warning s i g n s , w h e t h e r used in roadway or not , s h a l l be In accordancewith A N S I S t a n d a r d s D-6.1-1971.

r

rL

O C C U P A T I O N A L M O N I T O R I N G A N D P E R S O N A L P R O T E C T I O N
M e d i c a l S u r v e i l l a n c e

S e r v i c e s of an o c c u p a t i o n a l p h y s i c i a n and a local p h y s i c i a n will be madeavai lable to provide medical examinations to all employee s Involved with o n - S i t ei n v e s t i g a t i o n s . R e p r e s e n t a t i v e s o f r e g u l a t o r y agencies wil l be p r o v i d e d , upon reques t ,medical evidence that each on-site person is in good h e a l t h and is capable of wearingt h e a p p r o p r i a t e dermal and r e s p i r a t o r y p r o t e c t i v e c l o t h i n g / e q u i p m e n t necessaryd u r i n g t h e s a m p l i n g program. A l l I n d i v i d u a l s as sociated with t h e o n - S i t ei n v e s t i g a t i o n s s h a l l have undergone an a c c e p t a b l e p h y s i c a l e x a m i n a t i o n no morethan 12 months prior to the start date. A fist of medical parameters to be included inthe physical e xaminat i on are described in Attachment B.
D e t e r m i n a t i o n o f W o r k A r e a s

The f o l l o w i n g areas at oach dril l ing site wil l be d e f i n e d and i d e n t i f i e d . Equipmentand personnel in the areas are s p e c i f i c a l l y d e f i n e d below (see Figur e) .
Zone j_: Exclus ion ZOQB •* The'exclusion zone is the zone where contaminationexists or could occur. All p e o p l e e n t e r i n g the exclus ion zone will wear the prescribedlevel of protect ion (sea Personnel Protection Zone Requirements). An entry and exitcheck po int wil l be v i s u a l l y d e f i n e d at the p e r i p h e r y of the exclusion zone to regulat ethe f l o w of personnel and equipment into and out of the zona. The entire S i t e mayo c c a s i o n a l l y be d e s i g n a t e d the e x c l u s i o n zone, w i t h the e x c e p t i o n o f theuncontaminated area used for raw wood storage, located ju s t inside the Site gate.
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Zone 2: C o n t a m i n a t i o n R e d u c t i o n Z o n e « The area between the exc lus ion zoneand the s u p p o r t zone is the c o n t a m i n a t i o n r educ t i on zone. This zone p r o v i d e s at r a n s i t i o n b e tween c o n t a m i n a t e d area and the c lean zone. Zone 2 serves as a buffertc f u r t h e r reduce the p o s s i b i l i t y of the clean zone becoming contaminated. It provide sa d d i t i o n a l assurance that the phy s i ca l t r a n s f e r o f c o n t a m i n a t i n g substances on p e o p l e ,e q u i p m e n t , or in the air is l i m i t e d t h r o u g h a c rnb ina t i on of d e c o n t a m i n a t i o n , di s tancebe tween e x c l u s i o n and s u p p o r t zoner. air d i l u t i o n , zone r e s t r i c t i o n s , and workf u n c t i o n s . At the boundary between the e x c lu s i on and c on tamina t i on reduc t i on zones.d e c o n t a m i n a t i o n s t a t i o n s w i l l be e s t a b l i s h e d , as described in the d e c o n t a m i n a t i o nprocedure s ( A t t a c h m e n t C). The contaminat ion reduction zone will be located in thenew wood s torage area as shown in the F i g u r e .
Zone 3: S u p p Q i l Z o n e - This area Is thf l area o u t s i d e the zone of c on taminat i on .The s u p p o r t zone s h a l l b© marked and s h a l l be p r o t e c t e d agains t c o n t a m i n a t i o n f r o mth e w o r k / s a m p l i n g si te. The f u n c t i o n o f th e area in c lud e s :

a. An entry area for p e r s o n n e l , m a t e r i a l , and equipment .
b. An exit area for d e c o n t a m i n a t e d p e r s o n n e l , m a t e r i a l s and equipment .
c. A s t orage area for clean s a f e t y and work equipment .
d. An area for rest breaks, th e c on sumpt i on o f f o o d end beverage, and an o t f ' e rA c t i v i t i e s .
e. L o c a t i o n of Sue off ice suppor t zone, wilt be located j u s t Insido the entrance gate.
P e r s o n n e l P r o t e c t i o n P r o g r a m

CAI has e s t a b l i s h e d and will maintain as part of the Stt« Safety and Health Plan aPersonne l Pro t e c t i on Program for al l personnel working at the Site. The usual level ofp r o t e c t i o n required at the site has been determined to be Uvol D. This d e t e rmina t i onis based upon a p r e l i m i n a r y hazard evaluat ion of the Site and previous ly documentedi n f o r m a t i o n (see Sit e D e s c r i p t i o n and W a s t e Charac t er iza t i on). Th* a p p r o p r i a t e n e s so f t h e level o f s p e c i f i e d pro t e c t i on will b e v e r i f i e d b e f o r e Ini t ia t ing f t cW act ivi t ie s . Thehazards associated with the Site will vary slightly as a f u n c t i o n of the s p e c i f i c locations.T h e s e v a r i a t i o n s have been described In previous data and pr imari ly concern thedi spo sal of waste o i l s , woods treatment process waste, tar acid* and bases In the soiland ground water. Areas of active i n v e s t i g a t i o n , however, may be required to haveLevel C personnel p r o t e c t i o n . The re sul t s of air monitoring may a l l ow the level ofper sonnel p r o t e c t i o n to be downgraded to level D. The measured air concentrationsthat a l l o w t h i s j u d g e m e n t ar e described below ( P e r m i s s i b l e E x p o s u r e L i m i tProvis ions),
P e r s o n n e l P r o t e c t i o n Zone R e q u i r e m e n t s

P r o t e c t i v e g l o v e s , boot s , and su i t s will be of material r e s&ant to organicchemicals pre s ent at the Site. All r e sp ira tory protect ive equipment will be approved by
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t .

t h e N a t i o n a l I n s t i t u t e f o r Occupa t i ona l S a f e t y a n d H e a l t h ( N I O S H ) / M i n e S a f e t y a n dH e a l t h A d m i n i s t r a t i o n ( M S H A ) .
T h e l ev e l o f p er sonal p r o t e c t i o n required f o r t h e ac t ive s t a g e s o f t h e p r o j e c t( e x c a v a t i o n , p u m p i n g ) has been d e t e r m i n e d to be Level C P r o t e c t i o n as summarizedbe low;

Level C P r o t e c t i o n .
a . N I O S H - a p p r o v e d f u l l - f a c e p i e c e , a i r - p u r i f y i n g , c a r t r i d g e e q u i p p e d r e s p i r a t o r ,e q u i p p e d wi th organic vapor c a r t r i d g e s and d u s t / m i s t pre f i l t e r .
b. P o l y e t h y l e n e - c o a t e d T y v e k c l o t h i n g , l o n g s l eeves , one or two pieces.
c. G l o v e s (chemical r e s i s t a n t , e.g., nitrite).
a. Steel to* boo t s / shoe s .
e . Hard hat (face s h i e l d opt ional)
I. Options as required.

1. Inner ch emi ca l -r e s i s t an t g love s .
2. D i s p o s a b l e outer boots ( c h e m i c a l - p r o t e c t i v e , heavy rubber v i n y l d i s p o s a b l e sas a p p r o p r i a t e ) .
I f level o f p r o t e c t i o n i s Level D . f o l l o w i n g p r o t e c t i o n i s required:

a. W o r k u n i f o r m .
b. S t e e l toe boot s / shoe s .
c. Hard hats.
b. Eye p r o t e c t i o n ( s a f e t y g la s s e s or g o g g l e s )
D e c o n t a m i n a t i o n P r o c e d u r e s

Procedure for Full Decontamination - Level C Prot e c t i on (Gee F i g u r e ).
S t a t i o n 1 : S e g r e g a t e d E q u i p m e n t D r o p

Depos i t e q u i p m e n t used on-eite ( t o o l s , s a m p l i n g devices and containers.monitoring ins truments , radios, c l ipboard s , e tc .) on p l a s t i c drop c lo ths or In dif ferentcontainers with p l a s t i c l in er s Each wi l l be contaminated to a dif ferent d e g r e e .Segrega t i on at the drop reduces the p r o b a b i l i t y of cross-contamination.
Equipment: Various size containers
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L.ci

P l a s t i c l i n e r sP l a s t i c d r o p c l o t h s
S t a t i o n 2: Outer G a r m e n t , Boots and G l o v e s , W a s h and Rinse

Scrub outer boots and g l o v e s wi th decon s o l u t i o n or d e t e r g e n t / w a t e r . Rinseg love s , boots and garment wi th hand p u m p spray b o t t l e in to p l a s t i c bucket.
E q u i p m e n t ' 2 c on ta iner s (30-50 g a l l o n )H a r d p u m p s p r a y device ( g a r d e n s p r a y e r )W a t e rD e t e r g e n tScrub brushes

S t a t i o n 3: Outer Boot and G l o v e Removal
Remove outer boots (i f worn) and g l o v e s wi th a c c o m p a n y i n g t a p e . T a p e s h o u l dbe p l a c e d in a c on ta iner wi th a p l a s t i c l in er . D i s p o s a b l e c l o t h i n g will be p l a c e d in acontainer wi th a p l a s t i c l i n e r f o r s creening a n d / o r d i s p o s a l .
E q u i p m e n t : 2 C o n t a i n e r (30-50 g a l l o n )P l a s t i c l iner sBench

S t a t i o n 4 : C a r t r i d g e C h a n g e
If a worker leaves the e x c lu s i on zone to change a car t r idg e on h i s / h e r r e s p i r a t o r ,t h i s i s the la s t s t e p in the d e c o n t a m i n a t i o n pro c edur e . Once the worker' s c a r t r i d g e i se x c h a n g e d , the outer g l ov e s and boot covers are donned with j o i n t s t a p e d . Theworker may th en return to the e x c lu s i on zone.
E q u i p m e n t : R e s p i r a t o r c a r t r i d g e s and p re filtersT a p eExtra glove sBoot covers (if worn)

S t a t i o n 5: Boo t s , G l o v e s and Outer G a r m e t (Removal
Removal o f b o o t s , g l o v e s ( i n n e r ) and outer g a r m e n t and p l a c e ind e c o n t a m i n a t i o n zone. The outer c h e m i c a l l y re s i s tant garment should be d e p o s i t e d ina p l a s t i c l ined container.
E q u i p m e n t : C o n t a i n e r (30-50 g a l l o n )Bench or stoolP l a s t i c l iner s

S t a t i o n 6: R e s p i r a t o r y P r o t e c t i o n Removal
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Remove th e f a c e p i e c e r e s p i r a t o r , d e p o s i t used c a r t r i d g e s in a p l a s t i c l i n e dcontainer and wipe the f a c e p i e c e wi th clean water and p a p e r towel s . S t o r e r e s p i r a t o rin c l ean, dry p l a c e , away f r o m c on tamina t i on .
E q u i p m e n t : C o n t a i n e r (30-50 g a l l o n )P l a s t i c l i n e r sP a p e r t o w e l sD e t e r g e n t s o l u t i o n and d i s i n f e c t a n tRinse water

S e c t i o n 7 : F i e l d W a s h
T h o r o u g h y wash hands and f a c e and shower as soon as p o s s i b l e .
E q u i p m e n t : W a t e rS o a pW a s h b a s i n s / b u c k e t s
Procedure for D e c o n t a m i n a t i o n - Level D P r o t e c t i o n (See Figure 3)

S t a t i o n 1 : S e g r e g a t e d E q u i p m e n t D r o p
D e p o s i t e q u i p m e n t used on s i t e ( t o o l s , s a m p l i n g d ev i c e s and c o n t a i n e r s ,m o n i t o r i n g e q u i p m e n t , r a d i o s , c l i p b o a r d s ) o n a p l a s t i c d r o p c l o t n o r i n d i f f e r e n tcontainers with p l a s t i c l iner s .
E q u i p m e n t : V a r i o u s size containersP l a s t i c l i n e r sP l a s t i c drop c lo th

S t a t i o n 2: Outer G a r m e n t , Boot s and G l o v e s , W a s h and Rinse
Scrub outer boots and g love s with decon s o lu t i on or d e t e r g e n t / w a t e r , rinseg l o v e s , boots and garment wi th hand p u m p spray device into p l a s t i c bucket.

.• E q u i p m e n t : 2 containers (30-50 g a l l o n )H a r d p u m p spray deviceW a t e rD e t e r g e n tS c r u b brushes
S t a t i o n 3: Boot , G l o v e s , and Outer Garmen t Removal

Boots and outer g l o v e s are removed and p l a c e d ou t s i d e the d e c o n t a m i n a t i o nzone. Inner g l ov e s and T y v e k sui t s are d e p o s i t e d in s epara t e containers l ined w i thplas t i c .
E q u i p m e n t C o n t a i n e r s (30-50 g a l l o n )P l a s t i c l i n e r s
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Bench or stool
S t a t i o n 4 : F i e l d W a s h

T h o r o u g h l y wash hands and f a c e . S h o w e r as soon as po s s i b l e .
E q u i p m e n t : W a t e rW a s h b a s i n / b u c k e tS o a p

E x p o s u r e M o n i t o r i n g
E x p o s u r e m o n i t o r i n g wi l l be p e r f o r m e d pr ior to and d u r i n g al l f i e l o a c t i v i t i e s a t theS i t e .
Draeger tubes w i l l be used by field personnel during d r i l l i n g , excavation a n d / o re x p l o r a t o r y a c t i v i t i e s . A hand or b a t t e r y powered m e t e r i n g p u m p i s used to pull theknown vo lume o f a ir t h r o u g h the tube. The hand me t er ing p u m p w i l l b e c a l i b r a t e dprior to use as f o l l c w s :

1. A de tec tor tube will be connected between the inlet of the p u m p and the ou t l e t ofa soap b u b b l e meter.
2. The t ime ( s e c o n d s required to d i s p l a c e various v o l u m e ) will be checked u s i n g as t o p watch.
3. The c a l i b r a t i o n d a t a wi l l b e entered in the f i e ld p e r s o n n e l l ogbook . Each p u m pw i l l be i d e n t i f i e d wi th a serial number a n d / o r p u m p number.
4 . D e t e c t o r tube s that have been c e r t i f i e d b y N I O S H ( N a t i o n a l I n s t i t u t e f o rOccupational Safety and Health) will be used.
5. All c a l i b r a t i o n da ta and f ield measurements w i l l be recorded and m a i n t a i n e d int h e f i e l d p er sonne l logbook.
R e s p i r a t o r y S e l e c t i o n

E m p l o y e e s w i l l b e p r o v i d e d r e s p i r a t o r s f r o m those a p p r o v e d by th e N a t i o n a lI n s t i t u t e f o r Occupa t i ona l S a f e t y a n d H e a l t h under provi s ions o f 3 0 C F R Part I I . C A I ' sw r i t t e n r e s p i r a t o r y p r o t e c t i o n p r o g r a m (see A t t a c h m e n t D) w i l l b e k ep t on-si te .Contractors w i l l be required to provide s imi lar respirators and canisters for the ire m p l o y e e s t h r o u g h o u t the dura t i on of the p r o j e c t . Contrac tor s must al so prov id e awri t t en r e s p i r a t o r y p r o t e c t i o n p r o g r a m - i n accordance with the requirements o f 29 CFR1910.34.
AH members of the inve s t iga t ive team who wear a respirator wilt be required towash t h e i r f a c e and r e s p i r a t o r f a c e piece to prevent skin i r r i t a t i o n associated with theuse of a r e sp ira tory device. In a d d i t i o n , all workers are r e s p o n s i b l e for the c l e a n l i n e s s
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of t h e i r r e sp i ra t or s in m i n i m i z i n g the p o t e n t i a l contact of t h e i r face or l ung s withcontaminat ed soi l or ambient on-site air.
P e r m i s s i b l e E x p o s u r e L i m i t s P r o v i s i o n s

E m p l o y e e s ' exposure to airborne concentrations of total ionizable p o l l u t a n t ss h o u l d be les s than 10 ppm t h r o u g h o u t the course of the i n v e s t i g a t i o n . This level ofp r o t e c t i o n s h a l l b e e n f o r c e d by the u s e o f a f u l l - f a c e r e s p i r a t o r © q u i p p e d w i t hd i s p o s a b l e organic vapor car tr idge s with a d u s t / m i s t p r e f i l t e r . The respirators wil l bereplaced with a new canister every 4 hours (MSA canister i d e n t i f i c a t i o n , GMA-SS). !norder to protect the h ea l th of workers at the site, a p h o t o i o n i z a t i o n device (Photovac,I n c . , T I P ) w i l l b e used t o compare measurable l e v e l s o f a i r contaminant s . I f l e v e l s o fgrea t er than 10 ppm to ta l i o n i z a b l e p o l l u t a n t s ar e d e t e c t e d , a d d i t i o n a l measurement swil l be taken using d e t e c t or for s p e c i f i c chemica l s (benzene , t o l u e n e , or other knownsolvents o n - S i t e ) .
The p h o t o i o n i z a t i o n d e t e c t o r wil l be used to spot check for "hot spo t s" or v o l a t i l eorganic vapors. T h e T I P w i l l b e used b y f i e l d p e r s o n n e l d u r i n g d r i l l i n g a n d / o re x p l o r a t o r y a c t i v i t i e s and whenever th e p o t e n t i a l e x i s t s f o r h i g h c onc en tra t i on s o fvo la t i l e organic vapors. The TIP will be calibrated as f o l l o w s :

1 . The Manufac tur er ' s o p e r a t i n g p r o c e d u r e s w i l l b e f o l l o w e d .
2. The TIP w i l l b e s p a n n e d and zeroed in accordance with the o p e r a t i n gins truc t ions .
3. The a p p r o p r i a t e d o c u m e n t a t i o n re la t ive t o th e s p a n , zero, dr i f t s , etc. o f th e TIP w i l lbe no t ed in the f i e ld p e r s onne l l o g .
4. All f i e l d measurements wi l l be recorded and maintained in the f i e l d p er sonne ll o g b o o k .

A P h o t o v a c TIP wi l l be c a l i b r a t e d p r i o r to use each morning to an i s o b u t y l e n estandard (100 p p m ) to provide comparable readings during the day and to provide asource of comparison dur ing ths inves t igat ion. U n d e r no circumstances will S i t el snter the exc lu s ion zone wi thout the use of a re sp irator where required,
An action tevel of 100 ppm to ta l 'onizabie p o l l u t a n t s have been assigned (basedupon a 100 ppm 150 i sobutylene s tandard) to determine the need to reevaluat© thefrequency of cartr idge change and the ievel of p-Qtection. C o m p l e t e removal ofr f t s p i r a t o r s w i t h i n the e x c l u s i o n zone (when required) is ab s o lu t ey f o r b i d d e n and mayrssuit in the d i s m i s s a l o f the e m p l o y e e f r o m the p r o j e c t . I n t e r m i t t e n t ©valuation (every30 m i n u t e s ) of the b r e a t h i n g zone for organic vapors using a TIP {PhotovacIncorporat ed . Pho to i on i za t i on Detector) will document end support the necessity ofmaintaining Level C protec t ion. If airborne level s are consis tently less than 5 ppm for1 hour or more, then field a c t i v i t i e s can be c o m p l e t e d at Level D upon n o t i f i c a t i o n ofthe On-Si t e Heal th and Safe ty Off i c er , i n t e r m i t t e n t eva lua t i on o f contaminants in thebreathing zone wi l l be p e r f o r m e d whi l e Level 0 protec t ion is used, as with Level C,
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The d e t e c t i o n of organic vapors at a c onc en t ra t i on of 100 ppm for several m i n u t e s(3 m i n u t e s ) at Leve l C p er s ona l p r o t e c t i o n will n e c e s s i ta t e an i m m e d i a t e hal t in allwork u n t i l the vapors d i m i n i s h to b e low 20 ppm (T.I.P.) for a p e r i o d of 10 minute s . Ad e c i s i o n of i n i t i a t e work by the OSHSO will require a phone call to the S a f e t y andH e a l t h O f f i c e r o f t h e P r o j e c t M a n a g e r t o d i s cus s th e m o n i i o r i n g r e su l t s and agreementof start up conditions. S h o u l d continued d r i l l i n g result in concentrations that exceed1 0 0 p p m t o t a l i o n i z a b l e p o l l u t a n t s ( T I P ) , t h e P r o j e c t M a n a g e r s h o u l d b e contac ted b ythe OSHSO to consider re locat ing the well or u p g r a d i n g protec t ive equipment.
H e a t S t r e s s M o n i t o r i n g

I f t h e On-Site H e a l t h a n d S a f e t y O f f i c e r requires p e r s o n n e l t o wear c h e m i c a l l yi m p e r v i o u s c l o t h i n g , heat s tre s s m o n i t o r i n g w i l l b e required. M o n i t o r i n g by th eO S H S O s h a l l commence when t h e ambient t e m p e r a t u r e i s 7 0 ' F o r above. T h ef r e q u e n c y of m o n i t o r i n g s h a l l increase as the ambient t e m p e r a t u r e increases or asrecovery rates d i m i n i s h . W h e n t e m p e r a t u r e s exceed 8 5 ' F , workers s h a l l b e moni t or edfor heat s tre s s a f t e r every 30 to 60 m i n u t e work p e r i o d .
* H e a r t rate (HR) shal l be measured by the radial pu l s e for 30 seconds as early asp o s s i b l e in the 10 to 15 minu t e r e s t i n g p er i od . The HR at the b e g i n n i n g of the restperiod should not exceed 110 beats per minute. If the HR is higher, the next workper i od s h a l l be s h o r t e n e d . If the p u l s e rate i s 100 beats per minu t e a t theb e g i n n i n g of the next rest p er i od , the f o l l o w i n g work cycle shall be shortened.
* Body t empera ture s h a l l be measured as e a r l y as p o s s i b l e in the re s t ing per iod .T e m p e r a t u r e a t t h e b e g i n n i n g o f t h e rest p e r i o d s h o u l d n o t exceed 9 9 ' F . I f i tdo e s , the next work p e r i o d s h a l l be s hor t ened . H o w e v e r , i f the t e m p e r a t u r e i s99 .7 'F a t t h e b e g i n n i n g o f t h e next rest p e r i o d , t h e f o l l o w i n g work cycle s h a l l b ef u r t h e r s h or t en ed . T e m p e r a t u r e s h a l l be measured again at the end of the restperiod to make sure that it has d r o p p e d below 99T.
N o t i f i c a t i o n o f Emergencie s

A phone will be i n s t a l l e d at the S i t e prior to i n i t i a t i n g f i e l d activities. The OSHSOw i l l have access to several c op i e s of a l a m i n a t e d list of emergency numbers to contactin case of an emergency (Table 2). A phone wiJ! be connected at the S i t e as part oft h e i n i t i a l S i t e a c t i v i t i e s . T h e emergency l i s t w i l l i n c l u d e :
F i r eP o l i c eA m b u l a n c ePoison Contro lH o s p i t a l
The on-Site Saf e ty and Heal th O f f i c e r i s r e spons ib l e f or th e in i t ia l t e l e p h o n econtacts necessary to p r o t e c t the s a f e t y and h e a l t h o f e l l workers. The o n - S i t e Safetyand H e a l t h O f f i c e r is also r e s p o n s i b l e to write an on-Site report of all accidentsrequiring a break in work t ims as described in T a b l e 3.
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E m e r g e n c y S i t u a t i o n s

W r i t t e n P l a n : A w r i t t e n p l a n f or emergency s i t u a t i o n s ha s been d e v e l o p e d t oaddre s s th e needs o f o n - S i t e emergency a c t i v i t i e s (Figure 4). The p l a n de s cr ibe s th eaction that sha l l be i m p l e m e n t e d in the event of an emergency. Emergency entry andescape routes are shown on F i g u r e 5.
A l e r t i n g E m p l o y e e s

A l a r m s : W h e r e t h er e i s a p o s s i b i l i t y of e m p l o y e e exposure to p h y s i c a l harm, thep o t e n t i a l for an e x p l o s i v e s i t u a t i o n , or e l eva t ed l e v e l s o f organic vapors , the on-si teS a f e t y and H e a l t h O f f i c e r s ha l l be r e spon s i b l e to call to the e m p l o y e e ' s a t t en t i on theemergency s i t u a t i o n by voice command (or horn where a p p r o p r i a t e ) .
Evacuation: E m p l o y e e s not e n g a g e d in c orr e c t ing the emergency sha l l berestricted f r o m the area and s h a l l not be p e rmi t t ed to return un t i l the emergency isabated.

F i r s t A i d Requirement s
E m e r g e n c y m e d i c a l care services at a nearby med i ca l facility and e s t a b l i s hemergency routes w i l l be prearranged (Figure).

1.
2.

3.
4.
5.
6.
7.
6.

T a b l e 3. E m e r g e n c y R e p o r t
Date
T i m e of Accident
C l i m a t i c C o n d i t i o n s
On-Sit e Coordinator,
E m p l o y e e I n j u r e d _
C o m p a n y A f f i l i a t i o n ,
Social S e c u r i t y Number.
Insurance C o m p a n y _ _
N u m b e r of Workers at Site .
N a m e s of Workers
1.____________
2.___

C o m p a n y A f f i l i a t i o n
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3.

5.
9. C i r c u m s t a n c e s o f the I n j u r y / E m e r g e n c y Act ion.

10. Emergency A c t i o n s T a k e n _

11. What f ir s t a i H was p r o v i d e d ? _ _

fc:

12. Was an emergency phone call made to the Project S a f e t y O f f i c e r ? ,
If so, time:_________ _____________

13. A m b u l a n c e Services U s e d ,
14. H o s p i t a l Used______
15. A t t e n d i n g Physician_________
16. C o m p a n y R e p r e s e n t a t i v e s Contacted, ,
17. C o n t r a c t o r R e p r e s e n t a t i v e s Contac t ed^

in the event of any emergency as soc iated with or r e s u l t i n g f r o m work at t h i s Sitewhich, i n t h e o p i n i o n o f t h e o n - S i t e S a f e t y a n d H e a l t h O f f i c e r , m a t e r i a l l y endanger sl i f e , p r o p e r t y , or th e e n v i r o n m e n t , a l l s a m p l i n g wi l l cease a t th e Si t e . A p p r o p r i a t eper sonne l w i l l take d i l i g e n t action to remove or otherwise minimize the cause of theemergency; render full assistance to local authorities to remedy any impact on localr e s i d e n t s or p r o p e r t y ; and i n s t i t u t e whatever measures might be necessary to preventany repet i t ion of the condi t ions or actions l ead ing to or re sul t ing in the emergency.
V i s i t o r Prote c t i on

All visitors to the S i t e s ha l l be instructed to stay outside ths work zones andremain with the s u p p o r t zone d u r i n g the ex tent of th e i r stay. V i s i t o r s s h a l l s ign aVisi tor s Log Book and record all in format ion noted in the log.
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V i s i t o r s w i l l be caut ioned to avoid skin contact with c on tamina t ed or s u s p e c t e dc o n t a m i n a t e d s u r f a c e s . D u r i n g v i s i t a t i o n , h a n d - t o - m o u t h t r a n s f e r s on- s i t e w i l l b ereduced wi th s p e c i a l p r e cau t i on s not to eat, d r i n k , smoke, or chow (gum or tobacco).
V i s i t o r s r e q u e s t i n g o b s e r v a t i o n o f t h e work zone ( Z o n e A ) must wear a l la p p r o p r i a t e per sonne l pro t e c t iv e wear pr ior to en t er ing the work zone. S h o u l dr e s p i r a t o r y p r o t e c t i v e devices be necessary ( L e v e l C), v i s i t or s who wish to en t er thework zone must p r o d u c e ev id enc e tha t t h e y have had a c o m p l e t e p h y s i c a le xaminat i on and re spiratory pro t e c t i on training and fit t e s t i n g within the past twelvemonths. Visi tor a d m i t t a n c e to the work zone wil l be l e f t to the d i s c r e t i o n of the OSHSO.

H o u s e k e e p i n g
G e n e r a l . T h e c o n t r a c t o r s h a l l i m p l e m e n t a h o u s e k e e p i n g p r o g r a m f o r t h es a m p l i n g p r o g r a m to m i n i m i z e th e s pr ead o f c o n t a m i n a n t s beyond the work s i t e( e x c l u s i o n area).
T h e p r o g r a m s h a l l i n c l u d e :

1. Periodic (at least we ek ly) i n s p e c t i o n of the work area for debris i n c l u d i n g p a p e rp r o d u c t s , cans and o th e r m a t e r i a l s brought on S i t e .
2. P e r i o d i c (at least d a i l y ) changing of wash water and rinse for hand, f a c e , ande q u i p m e n t .
3. P e r i o d i c removal (daily m i n i m u m ) of al l garbage bags and c on ta iner s used tod i s p o s e o f f o o d p r o d u c t s , p l a s t i c inner g l o v e s , a n d c o n t a m i n a t e d d i s p o s a b l ec l o t h i n g ( T y v e k ) .
W a s t e D i s p o s a l

G e n e r a l , C o n t r a c t o r s w i l l no t remove malaria* f r o m the Si t e that may p o t e n t i a l l ye n d a n g e r th e s a f e t y and h e a l t h o f o n - S i t e e m p l o y e e s or th e general p u b l i c f r o m th ework place.
P r o t e c t i v e Wear. All g l o v e s , boots , hats , and p r o t e c t i v e outerwear that can becleaned and reused s h a l l be scrubbed and cleaned in containers p r o v i d e d w i t h i n thed e c o n t a m i n a t i o n zone pr i or to reuse and removed f r o m the Site at the end o* eachworking day. AH c on tamina t ed and p o t e n t i a l l y contaminated d i s p o s a b l e garments andduct t a p e will be d i s p o s e d of as hazardous waste unles s t e s t i n g shows the garmentsto be non-hazardous.
All c on taminat ed and p o t e n t i a l l y contaminated d i s p o s a b l e garment s and ducttape w i l l be d i s p o s e d of as hazardous waste unles s proven to be non-hazardous.
W a s t e F o o d C o n t a i n e r s . During and f o l l o w i n g lunch and break p e r i o d s , a l lwaste m a t e r i a l s s h a l l be c o l l e c t e d (by al l i n d i v i d u a l s ) and d i s p o s e d in wastecontainers prov id ed .
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b

S a f e t y E q u i p m e n t .
Emergency eye washFirst aid kit17 Ib halon f i r e e x t i n g u i s h e r or equivalentP h o t o i o n i z a t i o n Dete c tor ( T I P )Organic vapor analyzerD r i n k i n g cupsD e c o n t a m i n a t i o n f a c i l i t i e sE x p l o s i o n meterEmergency hornGarbage bagsP a p e r t o w e l sG a r b a g e cansBrushesS p r a y c o n t a i n e r

N o i s o

r-.

N o i s e s u p p r e s s i o n device s s ha l l be used where a p p r o p r i a t e and the use ofhearing p r o t e c t i v e device s s h a l l be encouraged. During o p e r a t i o n s such as air rotarydrilling for which noise l e v e l s exceed 85 DBA, hearing protec t ion will be required,
P e r s o n a l P r e c a u t i o n s

E a t i n g , d r i n k i n g , c h ew ing gum or tobacco s m o k i n g , or any prac t i c e that increasesthe chance of h a n d - t o - m o u t h t r a n s f e r and inges t ion of material is proh ib i t ed inareas d e s i g n a t e d c o n t a m i n a t e d as d e t e r m i n e d in the initial site survey. A t t e n t i o ni s s p e c i f i c a l l y c a l l e d t o "No S m o k i n g " areas p o s t e d a t various l o c a t i o n sthroughout the site. All e m p l o y e e s must s t r i c t l y adhere to the r e g u l a t i o n sg o v e r n i n g these areas.
H a n d s and f a c e s h a l l be t h o r o u g h l y washed upon l e a v i n g the work area.
No f a c i a l hair which i n t e r f e r e s with the mask-to-face-seal shal l be a l lowed oni p e r s onne l who may be required to wear a face f i n i n g re spirator.
Contac t wi th c on tamina t ed or s u sp e c t ed c on tamina t ed sur fa c e s s h a l l be avoidedby p e r s o n n e l working in c o n t a m i n a t e d areas.

H A Z A R D C O N T R O L
G e n e r a l P r e c a u t i o n s

Personnel working at excavation or drilling s i te s may encounter c ond i t i on s thatare u n s a f e or p o t e n t i a l l y u n s a f e , in a d d i t i o n to the d a n g e r due to th© p h y s i c a l ,c h e m i c a l , and t o x i c o l o g i c a l p r o p e r t i e s o f th e m a t e r i a l ( s ) p r e s e n t , other t y p e s o fhazards - e l e c t r i c i t y , water, heavy e q u i p m e n i , fa l l ing o b j e c t s , l o s s o f ba lance , or
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t r ipping for e x a m p l e , can have an adverse e f f e c t on the s a f e t y and h e a l t h o f p e r s o n n e l .The f o l l o w i n g s e c t ions describe the r equirement s that wi l l be i m p l e m e n t e d to m i n i m i z ethese po t en t ia l adverse e f f e c t s .
B u d d y S y s t e m

For all on-Site ac t ivi t i e s , the buddy system will be impl ement ed in active areas toensure s a f e t y of p er s onne l . Workers will be required to p e r f o r m all act ivit ie s at Level Cwith ano ther i n d i v i d u a l . At no t ime will workers be p e r m i t t e d to wander the Site alone.
Fire and E x p l o s i o n Prevent ion

C o n t r a c t o r s s h a l l m a i n t a i n a f i r e a n d e x p l o s i o n p r e v e n t i o n a n d c o n t r o l e f f o r ta p p r o p r i a t e f or th e needs a t th e Si t e a s d e t e r m i n e d in th e i n i t i a l Si t e survey. Ane x p l o s i o n meter wil l be used to ensure s a f e t evel s d u r i n g f ie ld activities.
S a f e t y P r e c a u t i o n s N e a r U t i l i t y L i n e s

W h i l e in use, the minimum di s tance of a crane or drilling rig to a power l in e s h a l lbe:
10 f e e t f r o m a 50 KV l ine .20 f e e t f r o m a 345 KV l in e .34 f e e t f r o m a 750 KV line.

In t r a n s i t , w i t h the boom on a d err i ck l o w e r e d , the c l o s e s t a p p r o a c h to a powerl i n e s h a l l be:
4 f e e t to a 50 KV l ine .10 f e e t to a 50-345 KV l i n e .16 f e e t to a 345-750 KV l ine .

The OSHSO s h a f t be consul ted if drilling near buried !inss is necessary. Buriedp i p e s w i l l b e i d e n t i f i e d d u r i n g i n i t i a l S i t e ac t ivi t i e s .
S a n i t a t i o n

Toil e t f a c i l i t i e s s h a l l b e p r o v i d e d in accordance with 29 CFR 1926.51, Thel o ca t i on o f these w i l l b e d e t e r m i n e d f o l l o w i n g th e in i t ia l Si t e survey.
Potab l e water for d r i n k i n g e.nd washing prior to eating shall be provided for allemploye e s .
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A T T A C H M E N T A

S A F E T Y A N D H E A L T H C O M P L A I N T F O R M

DATE:.
S I T E :
C O M P L A I N T :
C O M P A N Y A F F I L I A T I O N :
S I T E S A F E T Y A N D H E A L T H O F F I C E R :

P L E A S E C H E C K A P P R O P R I A T E A R E A S O F C O N C E R N

N A T U R E O F C O M P L A I N T :

Work Areas"Right- to-Know"Personal Pro t e c t i on LevelS a f o t y Equ ipmen t.Exposure M o n i t o r i n gMeat S t r e s sH o u s e k e e p i n gN o i s eS a f e t y Precaut ionsDecontaminat i on

S a n i t a t i o nPersonal H y g i e n e IEmergency Procedures"Waste Disposa lR e c o r d k e e p i n gRespira tor Protec t ion _Worker T r a i n i n gProtective C l o t h i n gOther _______
S i g n a t u r e .Date__
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A T T A C H M E N T B

P H Y S I C A L E X A M I N A T I O N P A R A M E T E R S

The f o l l o w i n g p h y s i c a l r e q u i r e m e n t s have been e v a l u a t e d by a q u a l i f i e do c cupa t i ona l h e a l t h p h y s i c i a n on al l p e r s o n n e l as soc iated wi th the i n v e s t i g a t i o n toassure that they are c e r t i f i e d to p e r f o r m work at the S i t e .
1. C o m p i l a t i o n of a c ompl e t e occupational heal th history.
2. C o m p i l a t i o n of a c o m p l e t e family h e a l t h history.
3. Blood a n a l y s i s (SMAC-25),
4. U r i n e analy s i s .
5. Chest X-ray (front only).
6. Hearing examination.
7. Sight examinat ion.
8. P u l m o n a r y f u n c t i o n examinat ion.
9. E l e c t r o c a r d i o g r a m examinat ion.
10. C o m p l e t e physical examination.
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Coal T a r P i t c h V o l a t i l e s

rk.

I N T R O D U C T I O N
This guideUne is intended as a source of in f ormat i on foremployees, employers , physicians, industrial hygienis t s ,tod other occupational heal th pro f e s s i ona l s who mayhave a need for such information. It does not a t t e m p t topresent all data; rather, it presents per t inent in format iontod data in summary form.
S U B S T A N C E I D E N T I F I C A T I O N
Anthracene
* Formula: C u H u* Synonyms: None* Appearance and odor: Pale green solid with a faintaromatic odor.
Phonanthrene
* F o r m u l a ; C..H,.* Synonyms: N o n e* Appearance and odor: Colorle s s solid wi th a f a i n taromatic odor.
Pyrehe
* Formula: C i i H u* Synonyms: None* Appearance: Bright yellow solid
Carbazo la
* Formula: C u H i N' • Synonyms: None
* Appearance and odor; Colorle s s solid with a fa intaromatic odor.
Benzo(a)pyrena
* Formula: C w H u* Synonyms: BaP, 3,4-beruopyrene

* Appearance and odor: Colorless f i o l id with s fa in taromatic odor.
P E R M I S S I B L E E X P O S U R E L I M I T ( P E L ) ; :

The current OSHA itandard for coal tar pitch volatmb 0.2 milligram o£coal tar p i t ch volatile per ci&£meter of air (mg/m*) averaged over an eight-hour wojckih i fu NIOSH has recommended that the permissibleexposure limit for coal tar products be reduced to &\mg/m 1 (cyclohexane-extractable f rac t i on) averagedover a work shi f t of up to 10 hour* per day, 40 hours perweek, and that coal tar product s be regulated as occupa -lional carcinogens. The N1OSH Criteria Document forCoal Tar Products and NIOSH Criteria Document forCoke Oven Emissions should bo consulted for moredetailed information.
H E A L T H H A Z A R D I N F O R M A T I O N
* Route* of expotureCoal tar p i t c h volatile* can a f f e c t the body if they areinhaled or if they come in contact with the eyes or skin.* E f f e c t * of orerexpofur*Repeated exposure to coal tar pi t ch v o l a U J e s has beenassociated with an increased risk of d ev e l op ing bronchi-tis and cancer of the lungs, skin, bladder, and kidneys.Pregnant women may be especially tusceptible to expo-sure e f f e c t s associated with coal tar pi t ch volatile*.Repeated exposure to these materials may also causesunlight to have a more severe e f f e c t on a person's skin.In addit ion, this type of exposure may cause an allergicikin rash.* Report ing t l g n s smUymptcmuA physic ian should b%, contacted If anyone d e v e l o p s anysigns or symptoms and suspects that they are caused byexposure to coal Ur pi t ch volatiles.* Recommended medical lurottUnceThe f o l l o w i n g medical procedures should be madeavailable to each «ir.*>loyee who ts exposed to coal tarp i t c h volatiles at po t en t ia l ly hazardous levels:

These recommendatons r e f l e c t good industrial hygiene and m»dical surveillance practices and thair (mptem0nt tbor t w*•Mist in f t e twving an e f f e c t i v e occupational h e a l t h program. However, they may nol be s u f f i c i e n t to achieve compliancewith all requirement of OSHA regulation*.
D E P A R T M E N T O F H E A L T H A N D H U M A N S E R V I C E SP u b ! i t H o ! m Strv i c e Centers (w C - s a t t a Controlinstitute lor Occupations' Safety and Health

. DEPARTMENT OF L A B O RSafety and Heatih
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/ Initial MtdM Examination:—A c o m p l e t e h i s tor j tad physical examination; Thepurpose ii to detec t pre-existing conditions that might
place the exposed employee at increased risk, and toestablish a baseline for fu tur e health monitoring. Exami-nation of the oral cavity, respiratory tract, b ladder, andkidneys should be stressed. The skin should be exam-ined for evidence of chronic disorders! for pre malign in tAnd malignant lesions, and evidence of hyperp igmenta-tion or photosensi t ivity.— U r i n a l y s U ; Coil tar p i t ch volatile* are associatedwith an excess of kidney and b l a d d e r cancer. A urinaly-tis should be obtained to include at a minimum s p e c i f i cgravity, albumin, glucose, and a microscopic on eentri-fuged sediment, *u well &* a (est for red blood cells.— — U r i n a r y cytology: CoU tar p i t ch volatile* are asso-ciated with so excess of kidney and b ladder cancer.Employees having 5 or ttore years of exposure or whoare 45 yean of age or o ld er should have a urinirycytology examination.— S p u t u m cyto logy: Coal tar p i t c h volati le* are asso-ciated with an excess of lung cancer. Employees having10 or more yean of exposure or who are 45 yean of ageor older should have a sputum c y t o l o g y examination.—14" x IT 1 chest roentgenogram: Coal tar p i t c hvolitates are associated with an excess of lung cancer.Surveillance of the lungs u indicated.— F V C and FEV (1 sec): Coal tar p i t ch volat i l e* areit ported to cause in excess of bronchitis. Periodicsurveillance U indicated.— A complete blood count: D u e ' o t f i e po s s i b i l i ty o fbenzene exposure associated with coal Ur pitch vola-"iles, A compute blood count U considered necessary tosearch for leukemia and iplast ic anemia,— S k i n disease: Coal tar p i t c h vo la t i l e* axe d e f a t t i n gagenu and can cause dermatitis on prolonged exposure.Persons with pre-existing skin disorders may be moresusceptible to the e f f e c t s o/ these agents.2. Periodic Medical Examination: The aforement ionedmedical examinations should be repeated on an annualbasis, and semi-annually for employees 45 yean of ageor older or with 10 or more yean* exposu/e to coal tarpi t ch volatile*.— Summary cf toxicologyCoal tar pitch volatile* (CTPV) are produc t s of thedestructive d i s t i l la t i on of bitumincui coal and contain
•polymielear aromatic hydrocarbons ( P N A ' i ) . Thesehydrocarbons aubltme readily, thereby increasing theamounts of carcinogenic compounds in working areas.Epidemio log i c evidence suggests that workers intimate-ly exposed to the product* of combustion or d i s t i l l a t i o nof bituminous coal are at Increased risk of cancer ttmany tiled. These Include cancer of the respiratorytract, kidney, bladder, and skin. In A s t u d y of coke ovenworker*, the level of exposure to CTPV and the l engthof time exposedr^were related to the deve lopment ofcancer. Coke oven workers with the highest risk ofcancer were tho*Q Employed e x c lu s iv e ly at t o p s i d e j ob s—br S or more years, for whom the increased risk of

dying from lung cancer was 10-fold; all coke ovenworken Lad a 7*V4-foId increar; in risk of dying f romkidney cancer. A l t h o u g h the causative agent or agenuof the cancer in coke oven workers U u n i d e n t i f i e d , it iisuspected that several PNA'i in the CTPV generatedduring the coking process are involved. Certain Indus-trial popula t ions exposed to coal tar product s have ademonstrated risk of skin cancer. Substances containing .'PNA'i which may produce akin cancer also producecontact dermatit i s; examples are coal tar, pitch, andcutting oils. A l t h o u g h allergic d e u u u ' t i s is readilyinduced by PNA'i in guinea pigs, It is only rarelyreported in humans f r o m occupational contact withPNA'i; these have resulted largely from the therapeut i cuse of coal tar preparation!. Components o? pitch andcoal tar produce cutaneous photosensitization; skineruptions are usually limited to areas exposed to the sonor ultraviolet light Most of the phototoxic agents 'Milinduce hypennelanoiU of the skin; if chronic pbotoder-matitis U severe and pro l onged , leukoderma may occur.Some oils containing PNA'i have been associated withchanges of f o l l i c u l a r ana sebaceous glands which com*monly take the form of acne. There is evidence thatexposures to emissions at coke ovens and gas retortsmay bt associated with an increased occurrence ofchronic bronchitis. Coal tar pi t ch volatile* may beassociated with benzene, an agent suspected of causingleukemia and known to cause a p l a s t i c anemia.
C H E M I C A L A N D P H Y S I C A L P R O P E R T I E S
• Physical da ta—Anthrac ene1. Molecular weight: 178.22. Boiling poim (7*0 mm Hg): 340 C (644 F)3. S p e c i f i c gravity (water - 1); 1.244. Vapor density (air •> 1 at boiling point of anthra-cene): 6.155. M e l t i n g point: 217 C (423 F)6. Vapor pressure at 20 C (58 F): Less than 1 mm Hg7. S o l u b i l i t y in water, g/100 g water at 20 C (68 F):Insoluble8. Evaporation rate (butyl acetate « 1): Not applica-ble• Physical data—Phenanthrer>e1. Molecular weight: 178.22. Boiling point (760 mm Hg): 340 C (644 F)3. S p e c i f i c gravity (water* i): 1.184. Vapor dens i ty (air *• 1 at boiling point of phen-
anthrene}:6.155. M e l t i n g point: 100.5 C (213 F)6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg7. Solubi l i ty in water, g/100 g water at 20 C (68 F):Inso lub l eS. Evaporation rate (butyl acetate » 1); Not applica-ble• Pbyi f ca l da ta—Pyrene1. Molecular weight: 202.32. Boil ing point (760 mm Hg): Greater than 360 C(greater than 680 F)
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3. S p e c i f i c g r a v i t y (water « 1): 1.284. Vapor d e n s i t y (air = 1 at boi l ing point of pyrene):
6.95. M e l t i n g point: 150.4 C (303 F)6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg/ 7. S o l u b i l i t y in water, g/100 g water at 20 C (68 F):
Inso lub l e8. Evaporation rate (bu ty l acetate - 1): Not a p p l i c a -
ble• Phyitcal d a t a — C a r b t z o l e1. Molecular weight: 167.22. Boiling point (760 mm Hg): 355 C (67 IF)

3. S p e c i f i c gravity (water = 1): Greater than 14. Vapor d en s i ty (air - I at boi l ing point of carba-
zole);5.85. M e l t i n g point: 246 C (475 F)6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg7. S o l u b i l i t y in water, g/100 g water at 20 C (68 F):Insoluble8. Evaporation f a t e ( b u t y l ace tate = 1): Not a p p l i c a -
ble• P h y i l c & l d a t a — B t n z o ( a ) p y r e n e1. Molecular weight: 252.32. Boiling point (760 mm Hg): Great er than 360 C(greater than 680 F)3. S p e c i f i c gravity (water - 1) Greater than 14. V a p o r d en s i ty (air * 1 at bo i l ing point ofbeiuo(a)pyrene): 8.75. M e l t i n g point: 179 C (354 F)6. Vapor pressure at 20 C (68 F): Less t l u f t I mm Hg7. S o l u b i l i t y in wuter. g/100 g water at 20 C (68 F):Inso lub l e8. Evaporation rate (butyl acetate •= 1): Not a p p l i c a -
ble v• Reacthity1. Condition* c on tr i bu t ing to i n s t a b i l i t y : None hiz-ardou*1 I n c o m p a t i b i l i t i e s : Contact with s trong oxidizersmay cause f ire s and explosions.3. Hazardous d e compos i t i on products: N o n e4. Spccia! precautions: None• H a m m A b U i t y1. Hash point: Anthracene: 121 C (250 F) (closedcup); Others: Data not available

2. A u t o i g n i t i o t i t emperature: Anthracene: 540 C(1004 F); Others: Data not available3. Flammable l imi t s in air, % by volume: Anthra-cene: Lower: 0.6; Others: Data no! available4. Extinguishant: Foam, dry che-nical, and carbondioxide* Wanting propertis*Grant DUtea that "coal tar und its various crude frac-tions appear principal ly to cause reddening and tqiu-mout eczema of the lid margins, with only small ero-sions of the corneal e p i t h e l i u m and s u p e r f i c i a l change*in the Kttoma, which di sappear in a month f a l l o w i n g
exposure* ^Chronic exposure of workmen to tar fume sŝ ŷ and dust has been reported to cause c o n j u n c t i v i t i s anddiscoloration of the cornea in the p a l p e b r a l fissure.

either sear the Hmbus or, in extreme cases, across thewhole cornea. Occasionally, epi tbe l ioma of the lidm&rgin has been attributed to contact with coal tar."
M O N I T O R I N G A N D M E A S U R E M E N TP R O C E D U R E S
• GeneralMeasurements to determine employee exposure are besttaken so that the average eight-hour exposure is basedon a single eight-hour sample or on two four-hoursamples. Several thort-tims interval tamples (up to 30minutes) may also be used to determine the averageexposure level Air samples should be taken in t h & ,e m p l o y e e ' s breathing zoos (air that would most nearly^represeot that inhaled by the employe*). \.• Method t_Coal tar product s may be tumpted by col lec t ion on 3glass f iber f i l t e r with subsequent ultrasonic extraction:and weighing. An analytics! method for coal tar p i t chyvo la t i l e* is in the AVOStf hfanual of Analytical ^ahw\
2nd Ed., Vol . 1, 1977, ava i lab l e f rom the Government
Print ing O f f i c e , W a s h i n g t o n , D.C. 20402 (GPO No.
017^)33^0267.3).
R E S P I R A T O R S
• Good industrial hygiene practices recommend thatengineering controls be used to reduce environmentalconcentrations to the permissible exposure level. How-ever, there are some exceptions where respirators maybe used to control exposure. Respirators may be usedwhen engineering and work practice controls are nottechnically f ea s i b l e , when such c o n t t o J s are in theprocess of being in s ta l l ed , or when they fai l and need tobe s u p p l e m e n t e d . Respirators may also be used foroperations which require entry into tfti&s or closedvessels, and in emergency situations. If the use ofre spirators U necessary, the only respirators permit t edare thoae that have been approved by the Mine Safetyand H e a l t h Adminis trat ion ( f o r m e r l y Mining Enforce-ment and Safety Adminis trat ion) or by the K«tionaiIns t i t u t e f o r Occupational Saf e ty and Heal th ,* In a d d i t i o n to respirator selection, a comple t e respira-tory protec t ion program shoulJ be inst i tuted whichinc lude s regular training, maintenance, inspect ion,cleaning, and evaluation.

P E R S O N A L P R O T E C T I V E E Q U I P M E N T
* Employees should be provided with *nd required touse impervious clothing, g love t , face sh ie ld s (eight-inchminimum), and other appropriate protective c lothingnecessary to prevent skin contact with condensed coaltar p i t ch volatiles , where sVin contact may occur.* If employees' clothing may hive become contaminat-ed with coal tar pitch volatiles, employees shouldChange into uncontaminated clothing before leaving thework premises* C l o t h i n g contaminated with coal tar p i t c h v o l a t i l e s
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should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of coal Ur pitch volatile* from the clothing. If
the clothing u to be laundered or otherwise cleaned to
remove the coal tar pitch volatile*, the person perform'
ing the operation should be informed of coal tar pitch
v o l a t i l e s ' s hazardous properties.0 Employees should be provided with and required to
use splash-proof sa f e ty goggles where condensed coal
tar pitch volatiles may contact the eyes.
S A N I T A T I O N
* Workers subject to skin contact with coal tar pitch
volatile* should wa&b with soap or mild detergent and
water any areas of the body which may have contacted
coal Ur pitch volatile* at the end of each work day.
* Employees who handle coal tar pitch volatile* should
wash their hands thoroughly with soap or mild deter-
gent and water before eating, smoking, or using toilet
faci l i t i e s .
«• Areas In which exposure to coal tar pitch volatile*
may occur should be i d e n t i f i e d by signs or otherappropr ia t e means, and access to these areas should be
limited to authorized person*,
C O M M O N O P E R A T I O N S A N D C O N T R O L S
The f o l l owing Kit includes some common operation* inwhich exposure to coal tar p i t c h volatile* may occur
and control methods which may be e f f e c t i v e in each
case;

Operation
Liberation fromextraction andpackaging from coal tarfrac t i on of coking

Use as a binding agentIn manufacture of coal. briquettes used for f u e l ;use as a dielectric In themanufacture of batteryelectrodes, etectnc-arcfurnace electrodes, andelectrodes for aluminareduction
Use In manufacture ofroofing f e l t s and paporaand roofing .,.*

Controls
Process enclosure;local exhaustvent i la t i on; generaldi lu t ion venti lat ion;personal protectiveequipment
Process enclosure;local evhauttventilation; generaldilution ventilation;personal protectiveequipment

Process enclosure;local exhaustventileiion; genera!dilution ventilation;personal protectiveequipment

Operation
Ose for protectivecoatings f o r p i p e s f o runderground conduitsand drainage; use as acoating on concrete aswaterproo f ing andcorrosion-resistantmaterial; use In roadpaving and sealing
Use In manufacture andrepair of r e f rac torybrick; use In productionof f o u n d r y cores; use Inm a n u f a c t u r e of carbonceramic Items

Controls
Process enclosure;local exhaustventi lat ion; generaldilut ion venUie ton;personal protectiveequipment

Process enclosure;locaJ exhaustventilation; generaldi lut ion vent i lat ion;personal protectiveequipment
E M E R G E N C Y F I R S T A I D PROCEDURES
In the event of an emergency, institute f irs t aid proce-dures and send for f ir s t aid or medical assistance.
* Eye ExposureIf condensed coal tar pitch volatile* get into the eye,wash eyes immediately with Urge amounts or water,lifting the lower and upper lids occasionally. If irritationis present af t er washing, get medical attention. Contactlenses should not be' worn when working with these
chemicals.
* Skin ExposureIf condensed coal tar pitch vohtiles get on the skin,wash the contaminated skin using soap or mild deter*gent and water. Be sure to wash the hands before eatingor smoking and to wash thoroughly At the close ofwork.
* BreathingIf a person breath' in large amounts of coal tar pitchvolatile*, move UK posed person to fresh air at once.If breathing I ttr, p-cd, perform artificial respiration.K e e p the aflerfeJ person warm and at rest Get medicalattention as soon as possible.
* KetcaeMove the a f f e c t e d person from the hazardous exposure.If the exposed person has been overcome, no t i fy some*one else and put into e f f e c t the established emergencyrescue procedures. Do not become ft casualty. Under-stand the facility'* emergency rescue procedures andknow the locations of rescue equipment before the seedarises.
S P I L L A N D D I S P O S A L P R O C E D U R E S
* Per*oci not wearing protective ' e q u i p m e n t and Noth-ing should be ?esiHet«d from Areas of release* untilebinup has been completed.
* If coal tor pitch volatile* are released In hazardousconcentrations, the f o l l o w i n g steps should be taken:I. VentiJat* area of sp i l l .
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2, Collect released material in the most convenient andt a f e manner for reclamation or for disposal in sealedcontainers in a secured sanitary landfill.• Waste disposal method:Coal t&r p i t c h v o l a t i l e may be disposed of in sealedJ containers in a secured sanitary landfill.
H E F E B E N C E S
» American Conference of Governmental I n d u s t r a lH y g j e n i s U : "Coal Tar P i t c h Volatile*/' Documentathr.
of the Threshold Limit Values for Substances in Work-
room Air X3rd ed., 2nd p r i n t i n g ) , Cincinnati , 1974.• Biogharn, E.: "Environmental Carcinogens," Archives
ofEnviwnmtntal Health, 19:779-85, DES 1969.9 Bingh&m, E.: 'Thresholds in Cancer Induc t ions ,"
Archives of Environmental Health. 22:692-95, J u n e 1971.• 'Cokr Oven Emissions," Federal Register, 40:32268-
32282, July 31,1975." Committee on Biologic E f f e c t s of Atmospheric Pol-lutants , Division of M e d i c a l Sciences, National Re-search Council: Paniculate Polycyclic Organic Matter,National Academy of Sciences, Washington, D.C.,1*72.• F a f l n i c k , N., et tl: "Exposure to Cosl Tar PitchVolatile* at Coke Ovens," American Industrial HygieneAssociation Journal, 33:461-46$, 1972.
• Grant, W. M-: Toxicology of the Eye (2nd cd.). C C.T h o m a & , S p r i n g f i e l d , I l l i n o i s , 1974.• K i t t l e , D. C, and S t u k e l . J. J.: "Part i c l e S i z e Distri-bution and Chemical Composition of Coal-Tar F u m e s / 1

American Industrial Hygiene Association Journal. 37:199-204,1976.
• Hygienic Information Guide No. 89 ~ Coal Tar Pitch
Yolatiles, C o m m o n w e a l t h of P e n n s y l v a n i a , Depar tmentof Environmental Resources, Bureau of Occupational
H e a l t h , 1972.

• I n t e r n a t i o n a l Labour O f f i c e : Encyclopedia of Occupa-
tional Health and Safety, M c G r a w - H U l , Hew York
1971.
» Lloyd , J. W. : "Long-Term M o r t a l i t y S t u d y o f S i e e l -
workera. V. Respiratory Cancer in Coke Plant W o r k -
ers," Journal of Occupational Medicine, 13:53-68, 1971.
• Mazumdar, S., et al.: "An Epidemio logi e s! S t u d y of
Exposure to Coal Tar Pitch Vola t i l e* among -Coke
Oven Worker s / ' Journal of the Air Pollution Control
Association, 25:382-389.1975.
• National Inst i tu t e for Occupational Safety andH e a l t h , U.S. Department of H e a l t h , Education cy*
W e l f a r e : Criteria for a Recommended Standard ^ .
Occupational Exposure to Coal Tar Products, 4fc,vv
f t i b t i c a t i o n No. (NIOSH) 78-107, U.S. Governo^i
Printing O f f i c e , Washington. D.C, 19?7. "r*
• National I n s t i t u t e f o r Occupational S a f e l y ' " a i i a
H e a l t h , U.S. Department of H e a l t h , Education. <£nd
W e l f a r e : Criteria for c Recommended Standard ....
Occupational Exposure to Cokt Oven Emissions. HEW
Publication No, HSM 73-11016, OPO No. 017-033-
00015, US. Government Printing O f f i c e , W a s h i n g t o n ,
D.C, 1973.
• Redinond, C K., et al.: "Long-Term M o r t a l i t y S t u d y
of Steelworkers. VI. Morta l i ty from M a l i g n a n t Neo-
plasms Ajfflong Coke Oven Workers," Journal of Ocn-
pationaimdleint. 14:62 U29,1972.
• Scala, R. A.: ' T o x i c o l o g y of PPOM," Journal of
Occupational Medicine, 17:784-788,1975.
• Tye, R., and Stemmer, K- L.: "Expf ir imental Car-
cinogenesis o f the Lung. II. I n H u e n c e o f Phenois in the
Product ion of Carcinoma," Journal of the National
Cancer Institute, 39:175-179,1967.
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R E S P I R A T O R Y P R O T E C T I O N F O R COAL T A R P I T C H V O L A T I L E S
Condi t i on Minimum Respiratory Protection*Required Above 0.2 mg/m*
Paniculate and VaporConcentration
2 mg/m 1 or less A chemical cartridge respirator with an organic vapor cartridge (s) and with af u m e or h i g h - e f f i c i e n c y f i l t er .

Any s u p p l i e d - a i r respirator.
Any s e l f - c on ta ined breathing apparatus.

10 m g / m 1 or lass

200 mg/m 1 or less

400 m g / m 1 or less

A chemical cartridge re spirator with a full f a c e p l s c e and an organic vaporc a r t r i d g e f s ) and with a f ume or h igh- e f f i c i en cy filter. '
A gas mask with a chin-style or a f ron t- or back-mounted organic vapor canisterand with a fufl facepiece and a f u m e or high-e f f i c i ency filter.
Any suppl i ed-air respirator with a full facepiece, helmet or hood.
Any se l f-contained breathing apparatus with a full facepiece .
A Typr C supplied-air respirator operatad In pressure-demand or other positivepressure or cont inuous-f low mode.
A powered ai. -purifying respirator with en organic vapor cartridge and a high-e f f i c i e n c y p a n i c u l a t e niter.
A Type 0 s u p p l i e d - a i r respirator with a full facepiece operated In pressure-demand or other positive pressure mode or with a full facepiece, helmet, or hoodoperated in c o n t i n u o u s - f l o w mode.

Greater than 400 m g / m 1 orentry and escape fromunknown concent ations
S e l f - c o n t a i n e d breathing appara tu s with a full f a c e p i e c e operated In pressure-demand or other positive pressure mode.
A combination respirator which I n c l u d e s « Type C f upplfed-alf respirator with afull f a c e p i e c e operated In pressure-demand or other positive pressure Of continu-ous-f low mode and an auxiliary self-contained breathing apparatus operated Inpressure-demand or other positive pressure mode.

F i r e F i g h t i n g S e l f - c o n t a i n e d breathing appara tu s with a fuf l f a c ep i e c e operated In pressure-demand or other positive pressure mode.
Escape Any gas mask providing protection against organic vapors and particulatos,Including pe s t i c ide respirators which meet the requirements of this class.

Any e&cape self-contained breathing apparatus.
*Only NIOSH-approv&d or M S H A - a p p r o v e d equipment should be used.



O c c u p a t i o n a l H e a l t h G u i d e l i n e f o r
P e n t a c h l o r o p h e n o l
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I N T R O D U C T I O N
This guidel ine U intended as a source of in form.! l i on foremployees, employers, physicians, industrial hygienis t s ,
and other occupational heal th p r o f e s s i o n a l s who maytuve a seed for such information. It does not at tempt topresent all data; rather, it present* pert inent i n f o r m a t i o naud data in summary form.
S U B S T A N C E I D E N T I F I C A T I O N
• Formula: C«CIiOH
• Synonyms: P C P ; p e n t a• Appearance and odor: L i g h t brown solid with apungent odor when hot.
P E R M I S S I B L E E X P O S U R E L I M I T ( P E L )
The current OSHA standard for p en ta ch l oropheno l is
0.5 miiligrim of pentachlorophenol per cubic meter ofair (mg/fij1) averaged over an eight-hour work s h i f t .
H E A L T H H A Z A R D I N F O R M A T I O N
• Route* of exposurePentachlorophenol can a f f e c t the body if it is inha l ed , if
it comes In contact with the eyes or skin, or if it is
•wallowed. It may enter the body through the skin.• E f f e c t s of oTerexposureExposure to pentachlorophenol may cause irr i ta t ion ofthe eyes and respiratory tract Bronchitis has beenreported to occur. Sys t emi c e f f e c t s from either a targeexposure or repeated smal ler exposures include weak-
ness, loss of a p p e t i t e , nausea, vomiting, shortness ofbreath, chest pain, excessive sweating, headache, and
dizziness. In f a t a ] cases the t emperature is o f t e n very
high and death may occur as early as three hours a f t e rthe onse: of symptoms. The risk of serious in tox i ca t i onU greater in hot weather. Persons with decreased l iveror kidney funct ions are more susceptible to poisoning
fron thi s chemical. Repeated exposure to pentachloro-phenol may cause an acne-like skin rash and liver

damage. C p j p m e r c i a l pcntachlorophenol may be con-
taminate^ with dioxln compounds which are muchmore toxic than pentachlorophenoL ' ~-
* Reporting signs and symptom* .-_A phys i c ian should be contacted if anyone d ev e l op s any.signs or symptoms and suspects that they are caused byexposure to pen fach lorophenoL ~
* Recommended medical surveillance - ; : ' , - • . C
The f o l l ow ing medical procedures shou ld s be madt^available to £ach employee who U exposed to pentach"
lorophenot at po t en t ia l ly hazardous levels: .
1. Initial Medical Examination:

—A complete history and physical examination: Thepurpose U to detect pre-existing conditions that migh tplace the exposed employee at increased risk, and toe s tab l i sh a baseline for f u t u r e heal th monitoring. Exami-nation of the cardiovascular system, eyes, upper respira-
tory tract, liver, and kidneys should be stressed. Theskin should be examined for evidence of chronic disor-
ders. Analysis of the urine for peatachlorophenol maybe h e l p f u l in e s t imating the extent of absorption.
£ Periodic Medical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.
* Summary of toxico logy
P e n t a c h l o r o p h e n o l dust and mist cause i r r i t a t i on of the
eyes and upper respiratory tract; absorption results in an
increase in metabolic rate and hyperpyrexia; p r o l o n g e d
stein exposure causes an acne form dermatitis. Humanexposure to dust or mist concentrations greater thac 1mg/m* causes pain in the nose and throat, violent
sneezing, and cough; 0.3 rog/m* may cause some nose
irr i ta t i on; persons accl imated to p en ta ch l oropheno l can
to l erat e concentrations up to 2.4 mg/m*. Pentachloro-
p h e n o l r ead i ly pene trat e s the skin; systemic intoxicationis cumulative and has been fa ta l . Intoxication is charac-
terized by weakness, anorexia, weight loss, and p r o f u s esweating; there also may be headache, dizziness, nausea,vomit ing, d y s p n e a , and chest pain. In fa ta l cases, thebody temperature is f r equent ly extremely high an*.

T h o s e recommends l ions r e f l e c t good industrial hygiene and medical suivaillanca practices and (hair Impla mentation willassist In achieving an a f f e c t i v e occupational health program. However, th*y may not be su f f i c i en t to achieve compliancewith ell requirements of OSHA regulations.
U.3. D E P A R T M E N T O F H E A L T H A N D H U M A N S E R V I C E SPubic Hetflh Sarvie* Conf er s tot Disease ControlNttk faa l Ins t i tu t e (or Occupational Safe ty and Htal lh

U.S. DEPARTMENT OF LABOROccupational Safety and Health A d m W i t r a t i o n
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death has occurred as e a r l y as 3 hours a f t e r the onset ofsymptoms. The risk of serious intoxicat ion is increasedduring hot weather; persons wi th impaired l iver orkidney f u n c t i o n are more s u s c e p t i b l e to the e f f e c t s ofpenuchlorophenol. The dust, mist, and vapor cause eyeirritation. Prolonged exposure of workers has caused anacneform dermatitis: 10 workers engaged in produc t ionof p e n t a c h l o r o p h c n o l for 5 to 10 months d eve l oped awide ly d i s s eminat ed skin e r u p t i o n characterized by
small and large furuncl e s , brown pigmenta t i on , andsome cicatrization; 7 workers also d e v e l o p e d severebronchitis; all but 1 worker s t i l l showed signs of exten-sive acne more than a year a f t e r cessation of exposure,
and 4 s t i l l complained of bronchitis. On the skin,solutions of penuchlorophenol as d i l u t e as \% maycause irritation if contact is r ep ea t ed or p r o l o n g e d .
C H E M I C A L A N D P H Y S I C A L P R O P E R T I E S
• Physical data1. Molecular we igh t: 266.32. Boiling point (760 mm Hg): 311 C (592 F) (rf •com-
poses)3. S p e c i f i c gravity (water « 1):2,04. Vapor density (air = 1 at boi l ing point of pentach-l o ropheno l): N o t a p p l i c a b l e5. Mel t ing point: 182- 190C(360- 374 F)6. Vapor pressure at 20 C (68 F): 0.0001T mm Hg7. S o l u b i l i t y in water, g/100 g water at 20 C (68 F):
0.0028. Evaporation rate (butyl acetate = 1): Not a p p l i c a -ble• Reactiriry v1. Condi t i ons c on tr ibu t ing to i n s t a b i l i t y : None.2. ID compatibi l i t ie s: Contact with strong oxidizersmay cause f i r e s and explos ions.3. Hazardous decomposition products: Toxic g&sesand vapors (such as hydrogen chloride, chlorinated
phenol s , and carbon monoxide) may be released whenpectachlorophenol decomposes.•4. Spec ial precautions: None.• F l a n u n a b l l J t y1. Not combustible• Warning properU el

1. Odor Threshold: The AIHA Hygienic Guide statesthat peatachlorophenol has a characteristic odor. Noqual i ta t ive in format ion is ava i lab l e , however, concern-ing the odor threshold of this substance.2. irritation Levels: The Documentation of TL^tstates Out "dusts are par t i cu lar ly I r r i t a t i n g to the eye*and nose, in concentrations a p p r e c i a b l y greater than 1i but some irritation of the nose may occur at 0.3. Hardened workers can tolerate up to 2.4 mg/mV3. Evaluation of Warning Properties: T h r o u g h Itsirritant e f f e c t s ; p e n u c h l o r o p h e n o l can be de tec tedwithin three times of the persnis s ibte exposure l i m i t . Forthe purposes of this guideline, therefore, pentachloro-phenol u treated &s a material with good warning

properties.
M O N I T O R I N G A N D M E A S U R E M E N TP R O C E D U R E S
* Oner*!
Measurements to determine employee exposure are besttaken to that the average eight-hour exposure is basedon • single eight-hour sample or on two four-hoursamples. Several short-time interval samples (up to 30minutes) may also be used to determine the averageexposure level. Air camples should be taken in theemployee*! breathing zone (air that would most nearly
represent that inhaled by the employee). :* Method
An analytical method for peatachloropheaol is ifl theN1OSH Manual of Analytical Methods, 2nd Ed., Vol. 4,
1978, available from the Government Priming O f f i c e ,
W a s h i n g t o n , D.C. 20402 (GPO No. 017*033-00317.3),* Gleason, M. N., Gosselin, R. E., H o d g e , H. C., and
S m i t h , R. P.: Clinical Toxicology of Commercial Products(3rd ed.), W i l l i a m s and W i l k i n s , Baltimore, 1969.
R E S P I R A T O R S
* Good industrial hygi ene practices recommend thatengineering controls be used to reduce environmentalconcentrations to tits permissible exposure level. How*ever, there are some exception! where respirators maybe used to control exposure. Respirators may be usedwhen engineering and work practice controls are nottechnically feasible , when tuch controls are LJ theprocess of being in s ta l l ed , or when they fai l and need tobe s u p p l e m e n t e d . Respirators may also be used foroperations which require entry into tanks or closedvessels, and in emergency libations. If the use ofrespirators is necessary, the only respirators permittedare those that have been approved by the Mine S a f e t yand H e a l t h Admini s trat ion ( f o r m e r l y Mining Enforce*ment and S a f e t y Administration) or by the NationalI n s t i t u t e f or Occupational Safe ty and Heal th . .* In a d d i t i o n to respirator selection, a comple t e respira-tory protection program should be instituted whichincludes regular training, maintenance, inspect ion,cleaning, and evaluation.

P E R S O N A L P R O T E C T I V E E Q U I P M E N T
* Employee* ihould be provided with and required touse impervious clothing, gloves, f s c« shields (eight-inchminimum), and other appropriate protective c l o th ingnecessary to prevent any po s s i b i l i ty of skin contact withpentachlorophenol or liquids containing peaiachloro-phenol.* If employee s ' c lothing has had any po s s i b i l i ty ofbeing contaminated with pentaehlorophenol or liquidscontaining pentach lorophenol , employees shouldchange into uncon laminated c lo thing before leaving thework premises.

2 P a n l a c h l o r o p h a n o ! 1676



* Clothing which has had any po s s i b i l i ty of being
contaminated with penUchlorophenol should be placedin closed containers for storage until it can be discardedor until provision is made for the removal of pcntach-
lorophenol f rom the c l o th ing . If the c l o t h i n g is to be
laundered or otherwise cleaned to remove the penuch-
f c x o p h e n o l , the person per f orming the operation should
be informed of p e n t a c h l o r o p h e n o l ' i hazardous proper-
titt.
* Where there is any p o s s i b i l i t y of exposure of an
employee'': body to pentach loropheno! or l i q u i d s con-
taining p e n U c h l o r o p h e n o l , f a c i l i t i e s for quick drench-
big of the body should be provided within the immedi-
tie work area for emergency use. .
* Non-impervious c lo th ing which becomes contami-
nated with p enUch loropheno l should be removed im-
nxtdiate ly *nd not r^worn until the p enUchloropheno lis removed from the c lo th ing.
* Employees should be provided with and required to
use dust* and sp la sh-proo f s a f e t y g o g g l e s where there is
any pos s ib i l i ty of p e n U c h l o r o p h e n o l or l i qu id s contain-
ing penUchJorophenol contacting the eyes.
* Where there is any pos s ib i l i ty that employees* eyes
may be exposed to penUchlorophenol or l iqu id s con-taining penUchlorophenol, an eye-wash fountain
should be provided within the immediate work area for
emergency use.
S A N I T A T I O N
* Skin that becomes contaminated wi th penUchloro-
pheaol should be immedia t e ly washed or showered
with soap or mild d e t e rgen t and water to remove any
p e f l U c h l o r o p h e n o i .
* Worker* subjec t to skin contact with penUchloro*
phenol or l i q u i d s containing penUchloropheno l should
wash with soap or mild detergent and water any uc?&
of the body which may have contacted pentachloro-phenol fit the end of each work day.
*' Eating and smoking should not be p e rmi t t ed in areas
where pentecMorophenol or l iquids containing pen-Ufch loropheno l are handled, processed, or stored.
* Employees who handle p enUchloropheno l or l iqu id s
containing penUchlorophenol should wash their handsthoroughly with soap or mild detergent and water
before eating, smoking, or using toilet fac i l i t i e s .
COMMON O P E R A T I O N S A N D C O N T R O L S
The f o l l o w i n g list inc lude s some common opera t i on s in
which exposure to p enUch loropheno l may occur and
coafrol methods which may be e f f e c t i v e in each case;

Operation
Formula t ion ofpreservatives,pesticides, endf ung i c id e s
A p p l i c a t i o n 83 apreservative for wood,starch, paint, adheslves,leather, latex, and oils;use In slime-algaecontrol; use as apesticide, herbicide, andsnail control agent
Manufacture ofpontachlorophenol

Control s
Process enclosure;local exhaustventilation; personalprotective equipment
Personal protec t ive .equipment

Process enclosure; ' ^local exhaust —ventilation; personal Oprotective equipment
E M E R G E N C Y F I R S T A I D P R O C E D U R E S
In the event of an emergency, institute Tint aid proce-
dures and send for f ir s t aid or medical assistance.
* Eye ExposureIf p enUchloropheno l or l iquids containing penUchloro-phenol get into the eyes, wash eyes I m m e d i a t e l y withUrge amounts of water, lifting the lower and upper lidsoccasionally. Get medical at tention immediately. Con-tact lenses should not be worn when working with thi schemical.* Skta ExposureIf p cnUchJoropheno l or liquidt containing penUchloro-phenol get oo the skin, immedit te ly wash the contami-nated skin using toap or mild detergent and water. Ifp enUchloropheno l or liquids coeuining penUchloro-phenol pene trate through the c l o th ing , remove thec l o th ing immediate ly and wash the skin using soap ormild de t ergent and water. If irriution is present a f t e rwashing, get medical attention.
* Bre t th ln f lIf & person breathes in large amounts of penUchloro-phenol, move the exposed person to fresh iir at once. If
breathing has s topped, perform artificial respiration.Keep the a f f e c t e d person warm and at rest Get medicalA t t e n t i o n ax soon as possible.* S w a l l o w i n g
When penUchloropheno l or l iqu id s containing penUch-lorophenol have been swallowed and the person isconscious* s 've the persos l & r g g quantities o f waterimmediately. After the water haj been swallowed, tryto get the person to vomit by having him touch the backof hit throat with hit f inger. Do not make *n uncon-sclous person vomit. Get medic*] Attention lounadiite-ly.* RescueMove the a f f e c t e d person from the h&mdous exposure.If the exposed person has been overcome, n o t i f y tome-one else and put into effect, the es tabli shed emergency
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rescue procedures. Do not become ft casualty. Under-stand the facility's emergency rescue procedures andknow the locations of rescue equipment before the need
arises-
S P I L L A N D D I S P O S A L P R O C E D U R E S
• Persons not wearing pro t e c t ive equipment and cloth-,ing should be restricted f rom areas of s p i l l s until c l eanup,has been completed.
* If pentachlorophenol is s p i l l e d , the f o l l o w i n g stepsshould be taken:
1. Vent i la t e arc* of s p i l l
2. Collect s p i l l e d mat er i t l in the most convenient andsa f e manner and depo s t In sealed containers for reclama-tion or for disposal in a secured sanitary land HI!. Liquidcontaining p e n U c h l o r o p h e n o l should be absorbed in
vcrmiculile, dry sand, earth, or a s imilar material.
• Waste disposal method:
Pentachlorophcnol may be di sposed of in sealed con-
tainers ia • secured sanitary landfill.
R E F E R E N C E S
* American Conference of Governmental I n d u s t r i a l
HygienisU: "Pentachlorophenol," Documentation of theThreshold Limit Values for Substances in Workroom Air(3rd ed., 2nd printing), Cincinnati, 1974.
* American Indus t r ia l H y g i e n e Assoc iat ion: "Pentach-loropbenol and Sodium Pentachlorophenatc," HygienicGuideStrits, Detroit , M i c h i g a n , 1970.
• Ba&der, E. W<f and Bauer. H. I.: "Indu s t r ia l Intoxica-t ion Due to Pentachlorophenol ," Industrial Medicine1951.

• Bergner, H.. et al.: "Industrial Pentachlorophencl
Poisoning In Winnipeg," Canadian Medical Association
Journal. 92:448-451,1965.
• Christenscn, H. E., and Luginbyhl , T. L' (cds.):
N1OSH Toxic Substances List, 1974 Edition, HEW
Publicat ion No. 74-134,1974.
• Fairha l l , L. T.: Industrial Toxicology (2nd ed.), Wil- :
l i a m s f t n d W i l l d n i , Baltimore, 1957.
» Gleason, M. N., Gossel in, &. E., H o d g e , H. C., and
S m i t h , R. P.: Clinical Toxicology of Commercial Products(3rd ed.), W i l l i a m s and W i l k i n s , Balt imore , 1969.
1969.
• Grant, W. M.: Toxicology of the Eye (2nd ed,)i C. C.Thomas, Springfield, I l l i n o i s , 1974.
• Hayes , W. J., Jr.: Clinical Handbook on Economic
Poisons. Emergency Information for Treating Poisoning,
U.S. Public H e a l t h Service Publication No. 476, U.S.
Government Printing O f f i c e , Washington, D.C., 5963.
• H u n t e r , D.: Diseases of Occupations (4th ed.)* L i t t l e ,
Brown, Boston, 1969.
» Internat ional Labour O f f i c e ; Encyclopedia of Occupa-tional Health and Safety, McG raw-Hill , New York,
1971.
• Johns tone , R. T., and Mill er , S. E,: Occupational
Disease and Industrial Medicine, Saanden, Phi lade lph ia ,
1530.
» Patty, F. A. (ed.): Toxicology, Vol. II of Industrial
Hyaline and Toxicology (2nd ed. rev.), latertcience,
New York, 1963.
• S p e c t o r , W. S. (Vols. I, ID. Negherbon, W. O. (Vol.
HI), Grebe, R. M. (Vol. IV), and Dittmer, D. S. (vol.
V) (eds.): Handbook of Toxicology, Saunden, P h i l a d e l -
phia, 1956-1959.
• Thienes, C H-, and Haley, T. J.: Clinical Toxicology(5th fid.), Lea and F e b i g e r , Phi lade lph ia , 1971
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R E S P I R A T O R Y P R O T E C T I O N F O R P E N T A C H L O R O P H E N O L
Condition Minimum Respiratory Protection*

Required Above 0.5 m g / m 1

Panicu la t e or V a p o rConcentration
2.5 mg/m> or less

25 fflg/m* or less

Any chemical cartridge respirator with an organic vapor cartridge(s) and dus t ,fume, and mist filter(s), I n c l u d i n g pesticide respirators which meet the require-ments of this class.**
Any s u p p l i e d - a i r respirator.'* -•
Any s e l ' - c o n t a i n e d breathing apparatus.*'
Any chemical cartr idge re spirator with a full f a c e p i e c e , an organic vap$>c a r t r i d g e ( s ) , and d u s t , f u m e , and mist f i l t e r s ) , Including p e s t i c i d e re sp irator swhich meet the requirements of this class.
A gas mask with a chin-style or a front- or back-mounted organic vapor canis t erand dust, fume , and mist f i l t e r , I n c l u d i n g pes t ic ide respirators which meet therequirements of th i s class.
Any s u p p l i o d - a i r respirator with a full f a c e p i e c e , h e lme t , or hood.
Any self-contained breathing apparatus with a full facepiece.

1 5 0 m g / m » o r l e s s
• ' I f e y e I r r i t a t i o n occurs, f u l M a c e p i e c e r e sp ira tory pro t e c t ive equipment should b e used.



Cranmer and

A C E T O N E
E X P O S U R E L I M I T S

P E L :T L V :I D L H :Other ( S p e c i f y ) :

1000 ppm750 ppm^0,000 ppmN;OSH 10 hr TWA - 250 ppm
P O T E N T I A L R O U T E S O F E N T R Y :
_„„ I n h a l a t i o n
____ S k i n A b s o r p t i o n
____ S k i n / E y e C o n t a c t
____ I n g e s t i o n

T O X I C O L O G Y
Rat Oral LDso: 9750 mg/fcg

* Rabbit Der.nal LDso: 20,000 m g / k g
Rat LCso: NDF

( F r a g r a n t , m i n t - l i k e , sweetish odor; odorthr e sho ld: 20-680 p p m )

H u m a n Data: T C t o = 5 0 0 p p mm g / m 3 / 6 hours i r r i t a t i o n e f f e c t s ) ; T D t o * 1 0

Other Data: Rat LCio* 16,000 p p m / 4 hours
H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :

An eye and u p p e r r e sp i ra t ory tract i rr i tant . P r o l o n g e d i n h a l a t i o n o f h i g hconcentrations may produce irr i ta t ion of the respiratory tract, coughing, narcotics y m p t o m s such as headache , drowsiness, i n c o o d i n a t i o n and, in extreme cases,coma. Repeated skin exposure may cause dermatitis due to d e f a t t i n g action.
P H Y S I C A L D A T A ;

V a p o r Pressure @ 20 'C In mm Hg: 266Solubility in water (%} @ 20'C: 100
NOTE: NE » N o n e E s tab l i s h ed; NDF * No Data Found; NA * Not A p p l i c a b l e
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Crarmer and A s s o c i a t e s , inc.

E X P O S U R E L I M I T S
P E L :T L V :I D L H :Other ( S p e c i f y ) :

B E N Z E N E

10 ppm10 ppm2000 ppmN I O S H 1 p p m
P O T E N T I A L R O U T E S O F E N T R Y ;

___ I n h a l a t i o n
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contac t
____ I n g e s t i o n

cv:

E
0
C

T O X I C O L O G Y
Rat Oral LDso:
Rabbit Derma! LDso:
Rat LCso:

3800 m g / k g
N D F
10000 p p m / 7 H
I n h a l a t i o n - Mammal LCio 2000 p p m / 5 M• Human Data:

• Other Data:
H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :

L o c a l l y benzene is a s t rong i r r i t a n t p r o d u c i n g r e d d e n i n g of skin, burning and•bl i s t er ing. A c u t e p o i s o n i n g causes d i z z i n e s s , and c o n f u s i o n which can lead to acoma. The chronic f o r m of benzene exposure is a recognized leukomogen. H u m a nand e p i d e m i o l o g i c a ! cases have c o n f i r m e d the r e l a t i o n s h i p of benzene exposure toleukemia. In chronic p o i s o n i n g , symptoms may inc lude f a t i g u e , headache, dizzines s ,loss of a p p e t i t e , nosebleeds and weight loss.
P H Y S I C A L D A T A :

Vapor Pressure @ 20*C in mm Hg: 7.5Solubility in water (%) ® 20'C: 0.18%
N O T E : N E » N o n e E s t a b l i s h e d ; N D F » N o Data F o u n d ; N A « N o t A p p l i c a b l e
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Cranmer end Assoc ia t e s! Inc.

r

E X P O S U R E L I M I T S
P E L :T L V :1 D L H :Other ( S p e c i f y ) :

E T H Y L B E N Z E N E

1001002000

P O T E N T I A L R O U T E S O F E N T R Y :
____ I n h a l a t i o n ( A r o m a t i c odor; odor t h r e s h o l d : 140 p p m )
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contac t
____ I n g e s t i o n

T O X I C C L O G Y
Rat Oral LDso: 3500 m g / k g

• Rabbit Dermal LDso: 5000 m g / k g
• Rat LCso: 4000 p p m / h r
• H u m a n Data: TCto -100 p p m / 8 hr
• Other Data:

H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :
Ethyl benzene Is p r i m a r i l y an Irritant of skin and u p p e r re sp iratory tract. Withexposure to h igh concentrat ions, i r r i t a t i n g e f f e c t s are more pronounced and a personmay b eg in to f e e l weak, d i z z y , drowsy, and become unconscious. S y s t e m i cabsorption causes d epr e s s i on of the central nervous system with narcosis at very h ighconcentrations.

P H Y S I C A L D A T A :
V a p o r Pressure @ 20'C In mm Hg: 7.1Solubility in water (%) <§> 20:C: 0.015%

N O T E : N E « N o n e E s t a b l i s h e d ; N D F n N o Data F o u n d ; N A » N o t A p p l i c a b l e
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Cranmer and A s s o c i a t e s , Inc.

i-

L

N A P T t U L E N E
E X P O S U R E L I M I T S

• P E L :• TLV:I D L H :Other ( S p e c i f y ) :
1 0 p p m10 ppm500 ppmM a x i m u m A l l o w a b l e Concen tra t i on USSR » 20mg/m3 (4 ppm)

P O T E N T I A L R O U T E S O F E N T R Y :
____ I n h a l a t i o n (Mothbal l , t a r l i k e odor; odor t h r e s h o l d : 0.3-24 ppm)
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contact
____ I n g e s t i o n

T O X I C O L O G Y
Rat Oral LDso: 1780 m g / k g

* Rabbit Dermal LDso: NDF
RatLCso: N D F

* H u m a n Data: L D i o « 7 4 m g / k r
Other Data: Dog Oral LDto « 400 mg/kg

H E A L T H E F F E C T S ' S I G N S A N D S Y M P T O M S O F E X P O S U R E :
' Eye irritant and poison. I n h a l a t i o n or ingest ion may cause abdominal cramps,nausea, vomi t ing , diarrhea, headache, t iredness, confu s ion, p a i n f u l urination, andb l o o d y or dark urine. May cause de s t ruc t i on of red blood c e l l s with anemia, f e v e r ,y e l l o w J a u n d i c e , k idney and l i v e r damage. R e p e a t e d skin exposure may causea l l e rg i c rash,

P H Y S I C A L D A T A :

o

V a p o r Pressure @ 20'C in mm Hg: 0.05S o l u b i l i t y in water (%) @ 20'C: 0.003
N O T E : N E • N o n e E s t a b l i s h e d ; N D F * N o Data F o u n d ; N A m N o t A p p l i c a b l e
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Cranrner and A s s o c i a t e s , Inc.

L
r

E X P O S U R E L I M I T S
» P E L :T L V :I D L H :* Other (Spec i fy):

P E N T A C H L O R O P H E N O L

0.5 mg/m3 (skin)0.5 m g / m 3 (skin)150 mg/m3N E
P O T E N T I A L R O U T E S O F E N T R Y :

____ I n h a l a t i o n
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contac t
____ I n g e s t i o n

c

T O X I C O L O G Y
Rat Oral LDso: 50 m g / k g

• Rabbit Dermal LDso: NDF
Rat LCso:
Hi* *-urt Data:
Other Data:

N D F
Oral LDLO * 29 m g / k g ; Oral T D i o « 196 m g / k g : CNSe f f e c t s
Rat Dermal LDso • 105 m g / k g ;Rabbit Oral LDto » 70 m g / k g

H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :i
A skin, eye and u p p e r respiratory tract Irritant. Sys t emic e f f e c t s I n c l u d eweakness, loss o f a p p e t i t e , nausea, v o m i t i n g , shortne s s o f breath, chest p a i n ,excessive sweating, f ev er , headache, and dizziness. Chronic exposure may causeacne-like skin rash and liver damage.

P H Y S I C A L D A T A :
Vapor Pressure @ 20'C In mm Hg: 0.0002S o l u b i l i t y in water (%) @ 20*0: 0.002

NOTE: NE » None Es tab l i shed; NDF * No Data Found; NA * Not A p p l i c a b l e
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Cranmer and Asso c ia t e s ! J n e ,
P H E N O L

E X P O S U R E L I M I T S
PEL:T L V :I D L H :Other (Spec i fy):

5 ppm ( s k i n )5 ppm (skin)100 ppmN I O S H 1 0 - h r T W A * 5 . 2 p p m
P O T E N T I A L R O U T E S O F E N T R Y :

____ hhala t ion (sweet, tarry odor; odor t h r e s h o l d : 0 .05-Sppm)
____ S k i n Absorp t i on
____ S k i n / E y e Contact
____ I n g e s t i o n

T O X I C O L O G YGr
br

Rat Oral LDso:
Rabbit Dermal LDso:
Rat LCso:
Human Data:
Other Data:

4 1 4 m g / k g •
850 mg/kg
316 mg/m3
O r a l L D i o * 140 m g / k g
N A

H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :
Corrosive; causes severe burning on contact with tissue. Dilute amounts maycause severe dermatitis . Sys t emic e f f e c t s may occur from any route of exposure,e s p e c i a l l y a f t e r skin contact since i t i s r ead i ly absorbed. S y s t e m i c e f f e c t s inc ludeabdominal pain and d i s t r e s s , cyanosis, muscular weakness, tremors and convulsionsf o l l o w e d by c o l l a p s e within minutes to several hours. S y m p t o m s of chronic po i soningI n c l u d e vomit ing, dif f iculty in swal lowing, diarrhea, lack of a p p e t i t e , headache,f a i n t i n g , d izz ine s s , dark urine, mental disturbances, skin rash and discoloration.Damage to the l iver, kidneys, pancreas, s p l e en , and lungs may also occur in bothacute and chronic po i s on ing.

P H Y S I C A L D A T A :
• Vapor Pressure <g> 20*C in mm Hg: 0.36* Solubility in water (%) <§> 20*C: 9
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Crammer and A s s o c i a t e s , inc.
S T Y R E N E

E X P O S U R E L I M I T S
P E L :* TLV:• I D L H :

100 ppm50 ppm5000 ppm{Speci fy): NIOSH 10-hr TWA * 50 ppm
P O T E N T I A L R O U T E S O F E N T R Y :

____ I n h a l a t i o n ( S o l v e n t , rubbery odor; odor threshold: 0.1 -300 ppm)
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contact
____ I n g e s t i o n

T O X I C O L O G Y
Rat Oral LDso: 5000 mg/kg
Rabbit Dermal LDso: NDF
Rat LCso: NDF
H u m a n Data: LCio l0 ,000 p p m / 3 0 min; TCu>»376 ppm (cen tra lnervous system e f f e c t s)

• Other Data: Rat LCio=5000 p p m / 8 hours
H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :

An eye, skin, and u p p e r respiratory tract Irritant and central nervous systemdepressant. S i g n s and symptoms of inhalation and skin absorption overexposureinclude narcotic e f f e c t s such as nausea, s l e e p i n e s s , d i z z in e s s and unconsciousness.Dermati t i s may occur with repeated skin contact.
P H Y S I C A L D A T A :

V a p o r Pressure @ 20'C in mm Hg: 4.5* S o l u b i l i t y In water {%) @ 20*C: 0.03
N O T E : N E * N o n e E s t a b l i s h e d ; N D F » N o Data F o u n d ; N A * N o t A p p l i c a b l e
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T O L U E N E

E X P O S U R E L I M I T S
P E L :T L V :I D L H :Other ( S p e c i f y ) :

200 ppm100 ppm2000 ppmNIOSH 10-hr TWA * 100 ppm
P O T E N T I A L R O U T E S O F E N T R Y :

____ I n h a l a t i o n (Rubbery, m o t h b a l l odor; odor t h r e s h o l d : 2-40 ppm)
____ S k i n A b s o r p t i o n
____ S k i n / E y e Contact
____ I n g e s t i o n

T O X I C O L O G Y
Rat Oral LDso: COCO m g / k g
Rabbit Dermal LDso: 14000 m g / k g
Rat LCso: NDF
H u m a n Data: TCLO * 100 ppm
Other Data: Mouse LCso * 5320 p p m / 8 hours

H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :
An eye, skin, and r e sp i ra t ory tract irri tant . Causes central nervous sy s t emd e p r e s s i o n ; s y m p t o m s in c lud e f a t i g u e , weakness, c o n f u s i o n , headache, numbness,dizz ine s s , and drowsiness. Very h igh concentrations may cause unconsciousnessand death. Chronic expo sure to skin may cause d e r m a t i t i s . May cause liver andkidney damage. May also cause bone marrow depr e s s i on , but without the severe orfata! damage present In benzene po i soning.

P H Y S I C A L D A T A :
V a p o r Pressure <§> 20'C In mm Hg: 22* S o l u b i l i t y in water (%) © 20*C: 0.05

N O T E : H E « N o n e E s t a b l i s h e d ; N D F » N o Data F o u n d ; N A * N o t A p p l i c a b l e
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X Y L E N E

r*

c

E X P O S U R E L I M I T S
100 ppm100 ppm10,000 ppm10-hr TWA = 100 ppm

• P E L :• T L V :I D L H :* Other (Spec i fy):
P O T E N T I A L R O U T E S O F E N T R Y :

____ I n h a l a t i o n
____ S k i n A b s o r p t i o n

_ S k i n / E y e Contact
.___„ I n g e s t i o n *

T O X I C O L O G Y
* Rat Oral LDso: 4300 m g / k g

Rabbit Dermal LDso: N D F
* Rat LCso: 5000 p p m / 4 hours

H u m a n Data: T C i o * 200 p p m ; LCi_o=10,000 p p m / 6 hours
• Other Data: Rat LCso-6700 p p m / 4 hours (mixed x y l e n e )

H E A L T H E F F E C T S / S I G N S A N D S Y M P T O M S O F E X P O S U R E :
Eye, i k i n and u p p e r r e s p i r a t o r y tract Irri tant and central nervous sys t emdepre s san t . May cause nacrotic e f f e c t s such as d i z z i n e s s , s t a g g e r i n g , nausea,v o m i t i n g , abdominal pa in , drowsiness , and unconsciousness. May cause reversibledamage to the k idneys and l iver. May also cause blood changes r e f l e c t i n g mi ldt ox l c i ty to the h e m a t o p o i e t i c system. Repeated skin exposure may cause dermati t i s .

P H Y S I C A L D A T A :

cv

V a p o r Pressure @ 20*C in mm Hg: 8Solub i l i ty in water (%) @ 20 'C: I n s o l u b l e
N O T E : N E « N o n e E s t a b l i s h e d ; N D F = N o Data F o u n d ; N A « N o t A p p l i c a b l e
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2.3 Data M a n a g e m e n t P l a n
The a d m i n i s t r a t i o n o f any Rl/FS w i l l involve the g e n e r a t i o n o f a c ons iderab l enumber of p r o j e c t - r e l a t e d documents. A Data and Records M a n a g e m e n t P l a n hasbeen d e v e l o p e d for the Site , and i s i n c l u d e d in A p p e n c , I This p l a n i d e n t i f i e s ande s t a b l i s h e s r equ ir ement s f o r h a n d l i n g a n d s t o r i n g moratory a n d f i e l d d a t ad o c u m e n t a t i o n , p r o j e c t f i l e s , a n d p r o j e c t - r e l a t e d progr e s s documents.
The Data and Records M a n a g e m e n t P l a n i n c l u d e s th e f o l l o w i n g e l ement s:
I n t r o d u c t i o n ;• Data M a n a g e m e n t Procedure and G u i d e l i n e s ;a Field and Labora tory D o c u m e n t a t i o n ;Remedial Response Data Management Requirements; and* T e c h n i c a l Progre s s and F i n a n c i a l Report s .
M a n a g e m e n t wi l l assume that s a m p l i n g team members wi l l b e f a m i l i a r with therequired d o c u m e n t a t i o n procedure s b e f o r e f i eH a c t i v i t i e s begin.

D A T A R E D U C T I O N , V A L I D A T I O N A N D R E P O R T I N G

CM

rL

b

L a b o r a t o r y P r o c e d u r e s
The r educ t i on of the laboratory data f r o m the raw ins trument r ead ing s to a f inalvalue f or the c o n c e n t r a t i o n o f the c ompound d e t e r m i n e d i s d e t a i l e d under thei n d i v i d u a l a n a l y t i c a l p r o c e d u r e s t o b e f o u n d in the r e f e r e n c e s l i s t e d u n d e rC a l i b r a t i o n o f L a b o r a t o r y E q u i p m e n t section. I n c l u d e d in these r e f e r enc e s are:(a) the equations used to c a l c u l a t e the concentration of the d e t e r m i n e d , and (b) uni t sto be used for the e x p r e s s i o n of r e su l t s in a manner consi s tent with other r e p o r t e dresult s . In g e n e r a l , the reduc t ion of data occurs by one of three methods:

• Manual c omputa t i on of re sul t s d i r e c t ly on the data sheet or on ca l cu la t ion page sattached to the data sheets;
«l Input of raw datas for c omput er p r o c e s s i n g ; and
* Direct acquisi t ion and proc e s s ing of raw data by a computer.

If data is m a n u a l l y proces sed by an ana ly s t , all s t ep s In the c omputa t i on sha l l beprov ided i n c l u d i n g equat ions used and the source of the input parameters such asresponse f a c t o r s , d i l u t i o n f a c t o r s , and ca l i bra t i on constants. If c a l cu la t i on s are notp e r f o r m e d d i r e c t l y on the da ta sheet, c a l c u l a t i o n s should be shown In fuli and attachedto the data sheets. The analys t s will sign the i r full s ignature and date in l i n k each pageof the calculations.
For data that are Input by an analyst and processed using a computer , a copy ofthe i n p u t s ha l l be kept and identified with the pro j e c t number and other i n f o r m a t i o n as
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needed. The s a m p l e s analyzed s h a l l be c l e a r l y noted and the input s igned and d a t e dby the analys t .
If t h e data ar e d i r e c t l y acquired f r o m i n s t r u m e n t a t i o n and proce s s ed , th e analys tw i l l v e r i f y that t h e f o l l o w i n g ar e correct: (a) p r o j e c t and s a m p l e numbers , (b)calibration constants and response fac tor s , (c) output parameters such as units, and(d) numerical values used for d e t e c t i o n l i m i t s if a vatai is reported as les s than. Theanalyst w i l l s ign and date the r e s u l t i n g ou tpu t .
The q u a l i t y of all data generated must be va l ida t ed b e f o r e the data are used. Thep r i n c i p a l cr i t er ia used to v a l i d a t e the i n t e g r i t y d u r i n g the c o l l e c t i o n and r e p o r t i n g o fdata are:
Accuracy • QA/QC proc edure s will be d e s i g n e d to measure the accuracy of alla n a l y t i c a l data. The sub j e c t o f in t e rna l q u a l i t y control checks w i l l be d i s cu s s ed ind e t a i l in the next section.

* Prec i s i on - The QA/QC pro c edur e s used to d e m o n s t r a t e that the measurementproces se s are r e p . o d u c i b l e will be discussed in d e t a i l in the next section.
* p - O m p l e t e n e s s * The QA/QC procedures described in the next section identify thequant i ty of data needed to meet the program g o a l s , and
* C o m p a r a b i l i t y - The data wi l l be r epor t ed in uni t s cons i s t ent with other p u b l i s h e ddata and in a s t a n d a r d i z e d f o r m a t to a l l o w c ompar i s on with o ther s i m i l a rprograms of env ironmenta l assessment.

Q u a l i t y control s a m p l e s r o u t i n e l y i n c l u d e d d u r i n g a n a l y t i c a l ac t iv i t i e s w i l l b e usedto set up a sys t em of da ta v a l i d a t i o n to identify a n a l y t i c a l proces se s that are out ofcontrol. C o n t r o l l i m i t s will be e s t a b l i s h e d for each analys i s that is based on the r e su l t sof a l l the q u a l i t y control s a m p l e s for that analysi s . The control l i m i t s wi l t r e f l e c t a 95%c o n f i d e n c e l e v e l . By the use of control charts, all q u a l i t y control s a m p l e s will becompared to the upper*and lower control l i m i t s and f l a g g e d i f t h ey exceed the l i m i t s .
I f a n y q u a l i t y control sampl e s exceed t h e control l i m i t s , a l l data f rom t h e ana ly t i ca lrun are examined in d e t a i l . If more than one qua l i ty control s a m p l e is out of l i m i t s or ifany unusual i n s t r u m e n t r e sponse is observed on the s t r i p chart, all s a m p l e s will bereanalyzed. If on ly one of three or f o u r quali l ty control s ampl e s i s out of l i m i t s and allo ther parameter s i n d i c a t e that the a n a l y t i c a l process is in c o n t r o l , the data arereleased.

The data v a l i d a t i o n process, f r o m the c o l l e c t i o n of raw data through the issuance
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D A T A V A L I D A T I O N P R O C E S S

A c t i v i t y . R e s p o n s i b i l i t y

DataProce s s ing Analyst

C h e c k i n gof DataProce s s ing
I n d e p e n d e n t A n a l y s torG r o u p Leader

Preparation of DataS u m m a r i e s A n dDraft Repor t s G r o u p Leader

C h e c k i n gof DraftData Report
G r o u p LeaderorA n a l y s t

Final Review Operat ions M a n a g e r

A p p r o v a l f o rI s s u e Laboratory Manager
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I N T E R N A L Q U A L I T Y C O N T R O L C H E C K S
T h i s seciion discusses the d i f f e r e n t types of sample s which are routinely added tothe normal laboratory s a m p l e stream to d e m o n s t r a t e that the labora tory os o p e r a t i n gw i t h i n pre s cr ibed requirements for accuracy and prec i s ion. Q u a l i t y control s ampl e sare of known content and conc en tra t i on ( w i t h the e x c e p t i o n of tha field b lanks) so thataccuracy and pre c i s i on can be de t ermined and control charts can be pr epared .
The f o l l o w i n g ar e th e t y p e s o f q u a l i t y control s a m p l e s that w i l l r o u t i n e l y b eanalyzed as part of the labora tory ana ly t i ca l scheme. All qua l i ty control checks will bep e r f o r m e d in accordance with tho E P A - a p p r o v e d m e t h o d o l o g i e s and proceduresre f er enced prev iou s ly .

T y p e o L S a m p i e .
Field Blank

Reagent Blank

M e t h o d Blank

QC Check S a m p l e s

Q u a l i t y C o n t r o l S a m p l e s
D e s c r i p t i o n

A 40 ml via! is filled with organic-free water and taken withf i e ld s a m p l e c o l l e c t i o n kit. Thi s t y p e o f s a m p l e i s used tov e r i f y that c o n t a m i n a t i o n o t s a m p l e s f o r v o l a t i l e o rgani c sa n a l y s i s (VOA) has not occurred due to sh ipment ands a m p l e c on ta iner s b e ing I n t h e f i e l d . T w o f i e l d b lanksshould be sent with every set of co l l ec t ion vials sent to thef i e l d .
This t y p e of QC s a m p l e is used to d e t e r m i n e thebackground of each r e a g e n t / s o l v e n t used in an ana ly s i s ,i n c l u d i n g zero and span gases. C o n d i t i o n s identical toactual a n a l y s i s , i n c l u d i n g the d e t e c t i o n sys t em, must beused. The background l e v e l s pr e s en t must not i n t e r f e r ewith the t y p e of in t ended analys i s . N e e d s to be p e r f o r m e dfor each new batch of r e a g e n t s / s o l v e n t s .
The analys i s i s p e r f o r m e d using o n l y the reagents andso lv en t s used in the method. Determines the cumulat ivein t e r f e r enc e . If the i n t e r f e r e n c e cannot be e l imina t ed , itmust be considered when c o m p u t a t i o n s are p e r f o r m e d .The QC sample should be analyzed with each group ofs a m p l e s , or at the b e g i n n i n g and end of each run. ForGC/MS, the method is sp iked with surrogates 1 out of 10.
A Known concentration of parameters of interest spiked Intoreagent water and then sp l i t into f our aliquots for enalysisfor in i t ia l one-time demons trat ion of analyst, method, andequ ipment; or as a t i n g l e reagent water eampte s p i k e d - w i t hthe parameters of interest and p n a l y z f t d as part of thes a m p l e stream, in the event that the adop t ed criterion foraccuracy is not met by conventional spiked analysis.
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S p i k e d S a m p l e s
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Cranmer and A s s o c i a t e s , Inc.
One field e q u i p m e n t b lank wi l l be obtained on each day ofs a m p l i n g by filling the s ampl er with deionized water orp u m p i n g de ionized water t h r o u g h the s a m p l i n g device, andt r a n s f e r r i n g t h i s water to s a m p l i n g b o t t l e s . The blanks arethen pre s erved , t ranspor t ed and analyzed s i m i l a r l y to o thert y p e s o f s ampl e s .
A p r e v i o u s l y analyzed s a m p l e Is I n t r o d u c e d into the s a m p l elog by the Qual i ty Control Officer as a sample of unknownconcentration. It i s then analyzed and the r e p l i c a t e valuescompared. This type of QC s a m p l e should be used at leastevery 1 out of 100 samples .
An al iquo t of a s a m p l e known to the analy s t . This t y p e ofs a m p l e is used to c a l c u l a t e the Rela t iv e Percent Devia t ion,and should be run 1 out of every 15 samples . At amin imum, it should be run with each group of 5 or moresample s .
A known concentrat ion of a s p e c i f i c parameter is added to as a m p l e with the matrix of interest . The percent recovery isd e t e r m i n e d and sp ike Is compared agains t an u n s p i k e daliquoi. T h i s type of sample should be run 1 out of every15. at a minimum with each group of 5 or more samples .
F o r G C / M S analysi s , t h e a d d i t i o n o f nonpr ior i ty p o l l u t a n t sas sp ike s in s t a n d a r d s , method blanks, and sample s . W h e nused wi th the d a i l y 3-point ca l ibrat ion curve, this t y p e of QCs a m p l e de t ermine s the mean, W a r n i n g and Contro l Limit s .This should ba done for all type s of s ampl e s , methodb lanks , and standards.
Nonpriority p o l l u t a n t spiked into sample and method blanka f t e r e x trac t i on to monitor ins trument p e r f o r m a n c e ands e n s i t i v i l t y should surrogate s tandards indicate a prob l em.
S t a n d a r d s pr epared by a recognized external agency andused to d e t e rmine (he p e r f o r m a n c e of the entire sys tem,I n s t r u m e n t a t i o n , and analys t s . T h e s e s a m p l e s areanalyzed on a periodic basis, such as quarterly or semi-annua l ly .

Labora tory Q u a l i t y C o n t r o l Checks
Quali ty control s a m p l e s rout inely inc luded during analytical activities will be usedto eet up control charts. Contro l charts are used to Identify analytical processes thatare "out of control", or those that are lacking precision 8rtd/or accuracy. Control limitswill be e s t a b l i s h e d foi each analyte that are based on the r e su l t s of all the q u a l i t y

S u r r o g a t e S t a n d a r d s

Internal Standard s

Calibrat ion S t a n d a r d s
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control sample s for the anaiyte. The control limit will r e f l e c t a 95% conf idence level inthe data.
I n t e r l a b o r a t o r y V e r i f i c a t i o n S a m p l e s

On at l eas t an annual b a s i f , the c on trac t ing laboratory shou ld p a r t i c i p a t e in ani n r t e r l a b o r a t o o r y round robin t e s t i n g p r o g r a m for organic and inorganic parameter swhich are common to all laboratories. The results of the round robin program wil linc lude the "true" value , a c c e p t a b l e s t a t i s t i c a l ranges and values d e t e rmined by as p e c i f i c laboratory. In a d d i t i o n to other quali ty control programs p lanned for thep r o j e c t , s a m p l e s w i l l b e s p l i t p e r i o d i c a l l y between t h e l a b o r a t o r y p e r f o r m i n g t h eanalytical work and another equa l ly q u a l i f i e d lab In which each laboratory wi l l p e r f o r mredundant analyse s . This w i l l a l l o w an a d d i t i o n a l q u a l i t y control check on thel a b o r a t o r y ' s a n a l y t i c a l p e r f o r m a n c e .
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P E R F R O M A N C E A N D S Y S T E M A U D I T S
To v e r i f y compliance with the stated Quality Assurance/Quali ty Control ob j e c t ive s ,the Q u a l i t y Assurance Off i c er can p e r f o r m p l a n n e d and documented audi t s o f p r o j e c tac t iv i t i e s . T h e s e a u d i t s w i l t consist o f , a s a p p r o p r i a t e , an e v a l u a t i o n o f q u a l i t yassurance/quali ty control procedures and the e f f e c t i v e n e s s of their I m p l e m e n t a t i o n , anevaluat ion of work areas and ac t iv i t i e s , and a review of p r o j e c t documenta t ion. Auditsw i l l be p e r f o r m e d in accordance with w r i t t e n c h e c k l i s t s by t e chn i ca l s p e c i a l i s t spo s s e s s ing the requisi te educat ion and background. Audit r e su l t s will be f o r m a l l ydocumented and sent to the P r o j e c t Manager.
A u d i t s wil l inc'ude, but not be l i m i t e d to the f o l l o w i n g areas:
Subcontractor p e r f o r m a n c e ,

* Field o p e r a t i o n s and records,
* Laboratory t e s t i n g and record,

Identification and control of sample s .
* N u m e r i c a l analyse s ,
* C o m p u t e r p r o g r a m v e r i f i c a t i o n and documenta t ion,
* T r a n s m i n a l of i n f o r m a t i o n , and

Record control and retention.
hK . J

r
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L a b o r a t o r y P r o c e d u r e s t o A s s e s s A n a l y t i c a l Data
The t y p e of data required to assess data prec i s ion, accuracy and c o m p l e t e n e s s isboth q u a l i t a t i v e and quant i ta t iv e . E x a m p l e s of ac t iv i t i e s which must be carried out toassess data accuracy are given below.

• R e f e r e n c e or s p i k e s a m p l e : Recoveries must be w i t h i n p r e d e t e r m i n e dacceptance l i m i t s .
P e r f o r m a n c e a u d i t s : Each task w i l l i n c l u d e p e r f o r m a n c e audi t s t o d emons t ra t ethat a l l mea sur ement s are w i t h i n a c c e p t a b l e l i m i t s . The s t a n d a r d s used top r e p a r i n g audi t s a m p l e s must b e i n d e p e n d e n t o f , or d i f f er en t f r o m , those usedduring routine analyses. If avai lab l e , EPA qual i ty control or P e r f o r m a n c eE v a l u a t i o n s a m p l e s will be carried.
E x a m p l e s of ac t ivi t i e s which must be carried out In order to assess prec i s ion are:

• R e p l i c a t e s a m p l e s : R e p l i c a t e s a m p l e data must be w i t h i n p r e d e t e r m i n e dacceptance l i m i t s .
• in s t rument p e r f o r m a n c e checks: For each measurement device routine checksmust be p e r f o r m e d as part of the analyses to d e m o n s t r a t e that the variables arew i t h i n p r e d e t e r m i n e d acc ep tance l i m i t s . C o n t r o l charts wi l l b e kept f or eachparameter in the study.

Some of the a p p l i c a b l e s t a t i s t i c a l prcedure s are given below:
• C e n t r a l t e n d e n c y and d i s p e r s i o n : a r i t h m e t i c mean, range, s tandard d ev ia t i on ,re lat ive s tandard d e v i a t i o n , p o o l e d s tandard d e v i a t i o n , and geometric mean;
• Measures of_ variability: accuracy, bias, and pre c i s i on; w i t h i n l abora t ory andi between labora tor i e s ; and
• fiipnifica-QCQJest: u-test, t-te s t , F-te s t . and Chi-square t e s t , c o n f i d e n c e l imit s , andt e s t i n g f o r o u t l a y i n g values.

For n o n - m e a s u r e m o n t - t y p e data (e.g., c o m p i l a t i o n of the t y p e s of wastes thatmight occur at the Site) procedures wi l l ba set in place to ensure that all data a n d / o rI n f o r m a t i o n c o l l e c t e d is r e l i a b l e , c o m p l e t e , and accurate to the maximum extentp o s s i b l e . For e x a m p l e , th i s will be assured by i n s t i t u t i n g a system using checks andcross-checks, using internal peer review personnel who were not associated with theco l l e c t i on e f f o r t .
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C O R R E C T I V E A C T I O N

N o n - c o n f o r m a n c e items and activit ie s are those which do not meet the projec trequirements , or the approved work procedure s .
L a b o r a t o r y C o r r e c t i v e A c t i o n

Non-conformance can be detected and i d e n t i f i e d by:
Protect s t a f f : D u r i n g t h e p e r f o r m a n c e o f f i e l d I n v e s t i g a t i o n a n d t e s t i n g ,s uperv i s i on of sub con trac t or s , and p r e p a r a t i o n and v e r i f i c a t i o n of numericalanalyse s;

• Labora t ory s t a f f : During th e p r e p a r a t i o n f o r and p e r f o r m a n c e o f laboratory t e s t i n gand c a l i b r a t i o n of e q u i p m e n t ; and
• Q u a l i t y assurance o f f i c e r : During the p e r f o r m a n c e o f audit s .

*
Each non-con f ormanc e w i l l be do cumen t ed by the p e r s o n n e l Identifying oro r i g i n a t i n g i t . Documenta t i on , when necessary, wi l l in c lud e:
Ident i f i ca t i on o f th e i n d i v i d u a l s ) ident i fy ing or o r i g i n a t i n g the non-conformance;

• D e s c r i p t i o n of the non-con formance;
• Any required s i g n a t u r e s ;
• The m e t h o d ( s ) used to correct the non-conformance (corrective ac t ion) ord e s c r i p t i o n of the variance g r a n t e d ; and
• S c h e d u l e for I m p l e m e n t i n g corrective action.

Documentation will be made available to the projec t management, laboratoryand/or q u a l i t y assurance management and. I f a p p l i c a b l e , subcontractor management.It is the r e s p o s i b i l i t y of the Pro j e c t Manager , Laboratory Director, or Qual i ty AssuranceOfficer to then noti i fy the a p p r o p r i a t e personnel of the non-conformance.
C o m p l e t i o n of corrective actions for s i g n i f i c a n t non-conformance should bever i f i ed by the Qual i ty Assurance Officer as part of f u t u r e a u d i t i n g activities.
Any s i g n i f i c a n t recurring non-conformance should be evaluated by p r o j e c t ,laboratory, a n d / o r q u a l i t y assurance personnel to de termine its cause and i n s t i t u t eappropr ia t e changes in the projec t requirements and procedures to prevent fu tur erecurrence. W h e n such an evaluat ion is p e r f o r m e d , the results shall be documented.

F i e l d Corrective A c t i o n

•"V*

C
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In the f i e ld s a m p l i n g program, each non-conformance wi l l be documented by thepersonnel i d e n t i f y i n g or o r i g i n a t i n g i t . Documenta t i on of these events wi l l include:

• I d e n t i f i c a t i o n o f the i n d i v i d u a l ( s ) i d e n t i f y i n g or o r i g i n a t i n g the f i o n - c o n f o r m a n e e ;
• D e s c r i p t i o n of the non-conformance;
• Any required signatures;
• The m e t h o d ( s ) used to correct the non-conformance (corrective act ion) ord e s c r i p t i o n of the variance g r a n t e d ; and

S c h e d u l e f o r i m p l e m e n t i n g corrective action.
If, at any t ime , the a n a l y t i c a l non-con formance and audit repoort I n d i c a t e a reviewof a p p r o p r i a t e n e s s and adequacy of the tasks, the laboratory manager(s) can presentrecommended changes to the P r o j e c t Q u a l i t y Assurance O f f i c e r .

no
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Q U A L I T Y A S S U R A N C E R E P O R T S T O M A N A G E M E N T

Once chemical and m i c r o b i o l o g i c a l t e s t i n g of env ironmenta l s a m p l e s is s tar t edunder a p r o j e c t , a s c h e d u l e for the labora tor i e s to p e r i o d i c a l l y report to the Q u a l i t yAssurance Officer on the p e r f o r m a n c e of the measurement systems and the r e l i a b i l i t yof the data wi l l be e s tab l i shed. Both the Laboratory Quali ty Contro l Coordinator andt h e P r o j e c t Q u a l i t y Assurance O f f i c e r a r e r e s p o n s i b l e f o r p r e p a r i n g repor t s i n d i c a t i n gthe e f f e c t i v e n e s s o f the QAPP. As a minimum, these r epor t s wil l i n c l u d e :
A. QA management (any change s)B. S t a t u s of the c o m p l e t i o n of the QA p r o j e c t p l a nC. Measurement of data q u a l i t y f r o m the p r o j e c tD. S i g n i f i c a n t q u a l i t y p r o b l e m s , q u a l i t y a c c o m p l i s h m e n t s , and s ta tu s o f correctiveactionsE. Resu l t s of QA p e r f o r m a n c e auditsF. Resu l t s of QA sys t ems aud i t sG. A s s e s s m e n t o f da ta q u a l i t y in terms of p r e c i s i o n , accuracy, c o m p l e t e n e s s ,r e p r e s e n t a t i v e n e s s , and c o m p a r a b i l i t yH. Qual i ty Assurance related trainingI. Ass e s sment of ind i ca t or s used in the p r o j e c t .
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2.4 T a s k 3 - S i t e
2.4.1 Phase 1 Rl

T h i s section p r e s e n t s ?. d e s c r i p t i o n of the Phase 1, Rl activities.
The o b j e c t i v e s of the r-^cdial i n v e s t i g a t i o n are to obtain i n f o r m a t i o n concerning:

» Was t e source c h a r a c t e r - r a t i o n ;
The nature and e x t e r t . bo th la t e ra l and v e r t i c a l , of on taminant m i g r a t i o n inpathways on and f r o m i f * e Site .
T h e h y d r a u l i c charac! - r ' - ' i c s o f p e r t i n e n t water-bearing s trata a n d t h e e x t en t o fhydraulic interact ion ? - these unit s;
T h e f a c t o r s e f f e c t i n g •m i g r a t i o n on-site and c •nd-water movement and the extent of c o n t a m i n a n t
The evaluation of p o l e ' • remedial action alternatives; and
P e r f o r m a n c e of an e~p r o b a b i l i t y of ac tual renvironment by the in-remedial action is tak<v*

^oerment assessment to evaluate the m a g n i t u d e and"Ment ia i harm to the p u b l i c h e a l t h , w e l f a r e . a n d ther*ed or actual re lease of hazardous substances, if no- • ' h e S i t e .
G e n e r a l p r o c e d u r e s , p ' -ols, and an associated r e f e r e n c e l i s t i n g are pre s ent edin th i s sect ion for use in pip-"' T and c o n d u c t i n g the Rl.
Activit ies In Phase 2 c ' Rl will be guided by results obtained In Phase 1. Fore x a m p l e , in Phase 1, soil s- -is will be conducted to d e f i n e vertical and harizontalcontaminant p r o f i l e s , i f thi:- t achieved, a d d i t i o n a l borings to greater d e p t h may bep e r f o r m e d . H e n c e , th e" pro> . ' e t o revise the Work P l a n i s br i e f ly described here. Asnecessary and a p p r o p r i a 1 - . •. rovised d e t a i l e d P l a n w i l l be d e v e l o p e d a d d r e s s i n gchanges in tho location, n; ?r and d e p t h s of sample locations or the need for on--os in field or a n a l y t i c a l m e t h o d o l o g i e s . The revisedorig inal p l a n , and s h a l l present s u f f i c i e n t background- ;ng the revision to enable a d e t a i l e d review by the

S i t e mon i t or ing w e l l s , orp l a n will be incorporated i"and S i t e - s p e c i f i c d e t a i l cr-EPA.
Revisions to theT h e blowing i n f o r m a t i o n

The ob j e c t ive of the r
* The need lor the re-
• AH q u a l i t y assurancthe revision.

must be approved by the EPA prior to i m p l e m e n t a t i o n .: i f i c a t i o n will be provided to EPA:

-d
•its and f ie ld op era t i on s p!an e l e m e n t s p e r t i n e n t to
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Some revisions may be s u f f i c i e n t l y minor to permit verbal re so lu t ion with the ERA.Even so, d o c u m e n t a t i o n o u t l i n i n g the change w i l l be p r o v i d e d to the ERA w i t h i n 10days, c o n t a i n i n g a fu l l d e s c r i p t i o n o f the changes.
2.4.1.1 I n i t i a l S i t e A c t i v i t i e s

Initial a c t iv i t i e s s h a l l consist of a data review, d e v e l o p m e n t of a more accurate s i tem a p f o r e x i s t i n g c o n d i t i o n s i f necessary, a n d e s t a b l i s h m e n t o f a S i t e o f f i c e . T h ef o l l o w i n g are some of the data needs for the site:
L a t e r a l and vert ical extent of soil a n d / o r ground-water con taminat i on;

• M i g r a t i o n p a t h w a y s and mechanisms;
I d e n t i f i c a t i o n a n d as se s sment o f p o t e n t i a l c o n f i n i n g a q u i t a r d s t o v e r t i ca lcontaminant m i g r a t i o n ;

• D e p t h , p r o f i l e , and vo lume o f wastes c on ta ined in the T r o l l e y / T r e a t m e n t Area ,Railroad Ditch P i t , S i n k h o l e , and any o ther m a j o r waste sources;
• D e t a i l e d h y d r o g e o l o g i c a l assessment of a q u i f e r s i n c l u d i n g an assessment of thedegree of in t er connec t i on of the aqu i f e r s ; and

R e l a t i o n s h i p between local s u r f a c e waters, s p r i n g s , and aqu i f e r s .
S i t e M a p

The prepara t i on if necessary of an alternate S i t e map will require a t o p o g r a p h i cand aerial survey.
T o p o g r a p h i c Survey: A f i e l d survey of the S i t e and immediate surrounding areas willbe conducted by a l i cenced land surveyor. The survey wi l l provide:
% T o p o g r a p h i c m a p ( s ) of the Site areas with contour interval s of 2.0 f e e t or less.T h e t o p o g r a p h i c m a p ( s ) shou ld i n c l u d e S i t e dra inage p a t t e r n s , S i t e erosionareas, p o n d i n g areas w i t h i n the process areas, S i t e l a n d m a r k s , f o c a l s u r f a c ewaters, s p r i n g s , sink ho l e s , and Site boundaries.
• The t o p o g r a p h i c m a p ( s ) shall include locations of all Si t e landmarks and de ta i l s ,surveyed to ±0.5 f o o t ( h o r i z o n t a l ) . A l s o i n c l u d e d w i l l be well p o i n t s , streamguage s , and a s a m p l i n g po in t grid system. The p r e c e d i n g horizontal requirementalso a p p l i e s to b u i l d i n g s and roads.
• A benchmark w i l l be e s t a b l i s h e d at one po in t wi th in the p lan t Silo to serve as areference for f u t u r e e levation readings , a f t e r excavation or other work that wouldchange the t o p o g r a p h y of the Sit e .

All e l evat ions sha l l be pr e s en t ed as f e e t above mean sea leva! (msl).

CVJ
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L
Aeria l S u r v e y : A f t e r p r o p e r ground con tro l s f o r t h e S i t e have been e s t a b l i s h e d , a naeria? survey wi l l be p e r f o r m e d . A site map will be prepared with a hor i zon ta l scale of1-inch equals 50 f e e t and with 2-foot contours of the Site and surrounding vicinity. It ise s t i m a t e d that a p p r o x i m a t e l y 60 acres will be i n c l u d e d in tho Site and v i c i n i t y map.The map wi l l i n c l u d e areas o f the a d j a c e n t p r o p e r t y i n c l u d i n g nearby drainage ways.

The contour map wil l be used to d e l i n e a t e current Site drainage d irec t ions . TheSite map w i l l b e used for l o c a t i n g r emedia l f e a t u r e s , layout o f on-site a l t e r n a t i v e s ,determination of excavation (and fil l) quantities and in preparat ion of a prop er Sitedrainage network. Off-si te l o c a t i o n s w i l l be p l o t t e d on an enlarged USGS mapd e p i c t i n g t o p o g r a p h y , with a scale of 1-inch equals 500 f e e t .
S i t e O f f i c e

A S i t e o f f i c e will be e s tab l i shed to suppor t Site work i n c l u d i n g p r e p a r i n g s a m p l e sf or s h ipment , recordkeeping. and conduct ing S i t e meet ings and orientat ion for Sitevisitors.
•

2.4.1.2 W a s t e C h a r a c t e r i z a t i o n
The f o l l o w i n g i n f o r m a t i o n needs to be d e v e l o p e d for each of the waste sourcesi d e n t i f i e d :

* The q u a n t i t i e s i n v o l v e d ;
C h a r a c t e r i z a t i o n and p r o f i l e o f c o n t a m i n a n t s ( for e xpo sur e assessment andt r ea tment o p t i o n s ) ;

* E x t e n t o f b i o d e g r a d a b i l i t y o f t h e c o n t a m i n a n t s ( for e v a l u a t i o n o f r emedia la l t e r n a t i v e s ) ; and
* A c t i o n l e v e l s or concentrations necessary for c l e a n - u p (for quanti t ie s andconcentrations p o t e n t i a l l y released to the environment).

i Most of this in f ormat i on is available f rom historical data. Furht er sampl ing andanalys i s will be p e r f o r m e d to characterize the waste l o ca t i on s and d e t e rmine thevertical and lateral extent of the wastes.
2.4.1.3 G e o l o g i c and H y d r o g s o l o g l c I n v e s t i g a t i o n
Purpo s e

The p u r p o s e of tho g e o l o g i c and h y d r o g e o l o g i c i n v e s t i g a t i o n is to:
* Identify ma jor connected aqu i f e r s and aquitards in the immedia t e vic ini ty of thef a c i l i t y ;

<v
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Determine f l o w d i r e c t i o n s and pa thways in and between the a q u i f e r s and s u r f a c ewaters;
D e t e r m i n e h o r i z o n t a l and vertical d i s t r i b u t i o n o f c on taminant s and p r e d i c t thelong-term d i s p o s i t i o n of contaminants;
Predict h y d r a u l i c charac t er i s t i c s of p e r t i n e n t water-bearing strata and the extent ofhydraul i c interaction among these units; and
C a t a l o g u e f a c t o r s a f f e c t i n g g r o u n d - w a t e r movement a n d t h e e x t en t o fcontaminant m i g r a t i o n on-Si t e and of f-Site .

G e n e r a l a n d S p e c i f i c D a t a G a p s
Based upon a s tudy of the avai lab l e S i t e - s p e c i f i c h y d r o g e o l o g i c data, thef o l l o w i n g general da ta gap s have been d e f i n e d .

* The vertical d e l i n e a t i o n and lateral extent of the aqu i f e r s under the S i t e isuncertain.
A d e f i n i t i o n of the degree of interaction between the aqu i f e r s (i.e., is a c o n f i n i n glayer present to prevent downward vertical migration of c on taminant s?) isu n a v a i l a b l e .
A d e f i n i t i o n of the r e l a t i on sh ip between the surface waters (inc lud ing s p r i n g s ) andthe s e a q u i f e r s , based upon the karst h y d r o l o g y tha t is p r e v a l e n t in the area isunavai lab l e .
T h e s e general da ta g a p s may be r e f i n e d i n t o s p e c i f i c i n f o r m a t i o n gap s that needto be filled:

C h a t t a n o o g a S h a l e :
Is this formation present beneath the site?

1 How thick is it?
is it l a t e r a l l y extensive?
What are the elevation contours of the top of this formation?

p o r each m a j o r I d a n t i f i e d aqu i f er: *
* What are the top and bottom elevations of each aquifer?

What are the elevation contours of the t op s and bottoms of these formations?
W i t h i n .each.mg.ior i d e n t i f i e d aquifer:

115



r

L

f e -

C r a n m e r a n d A s s o c i a t e s , I n c .
W h a t are the more p e rmeab l e layers wi th in the f o r m a t i o n ?
How t h i c k are these more p e r m e a b l e zones?

* How l a t e r a l l y ex t ens ive are these zones?
W h a t are the e l eva t i on s of the top and bot tom for each of these more permeab l ezones?

For the major f l o w pathways:
* What is the water q u a l i t y in the m a j o r f l o w pathways?
* W h a t are the major f low pa thways in each m a j o r i d e n t i f i e d aqu i f e r?
* W h a t are the f l o w pa thways between the three m a j o r i d e n t i f i e d a q i f e r s ?
* W h a t i s the d egr e e of i n t e r c o n n e c t i o n between t je ground-water f l o w and thes u r f a c e water ( s p r i n g s and s treams) in the vicinity of the S i t e ?

T h e s e data g a p s w i l l b e f i l l ed by th e f i e ld o p e r a t i o n s p o r t i o n o f t h e H y d r o g e o l o g i ci n v e s t i g a t i o n .
F i e l d O p e r a t i o n s

T h e f i e l d o p e r a t i o n s p o r t i o n o f t h e H y d r o g e o l o g i c I n v e s t i g a t i o n wiii i n i t i a l l yinvestigate the migration of contaminants f r om the Sit e .
One of two p o s s i b l e s i tua t i on s may exist:
S c e n a r i o 1: C h a t t a n o o g a S h a l e f o r m a t i o n is pre s ent and acts as an aqu i tard;and
Scenario 2: C h a t t a n o o g a S h a l e f o r m a t i o n is f ra c tur ed enough not to act as anaqui tard, or is absent,i The field opera t i on s program has been de s igned to be able to contend with e i th erset of conditions.
Phase 1 activities of the H y d r o g e o l o g i c Inve s t iga t i on are presented below.

Step 1: Review of ava i lab l e g eo l og i ca l and hydrogeo iog i ca i data.
I; Geo log i c Inve s t iga t i on , consisting of:

a) Fault and f r a c t u r e trace analysi s of aerial p h o t o g r a p h s . This method isu s e f u l for d e t e c t i n g p o s s i b l e main ground-water pathways in carbonaterocks; and
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b) G e o l o g i c f ield m a p p i n g of out-crops, e s p e c i a l l y in the creek. Thep u r p o s e o f f i e l d m a p p i n g i s t o g a t h e r a l l p e r t i n e n t g e o l o g i c a l d a t a , t odetermine the local s t r a t i g r a p h i c and structural condit ions that have animpact on the h y d r o g e o l o g y of the area, and the r e l a t i o n s h i p s be tweenaqui f er s and the direct ions of their ground-water f l o w .
S t e p 3: Inventory of wel l s and spr ing s , to include:

a) S e l e c t i o n of a port ion of these wel l s and spr ings for f u r t h e r invest igation.
T h e criteria f o r s e l e c t ing w e l l s and/or spr ing s f o r f u r t h e r s tudy I n c l u d e :
• The loca t ion of the well and/or s p r i n g within the water system. The p o i n t s(a we l l or s p r i n g is one p o i n t ) used to genera t e a r e g i o n a l contour mapneed to be spread out evenly over the s t u d y area to UTJ maximum ex t entp o s s i b l e to avoid making excessive e x t r a p o l a t i o n be tween p o i n t s .
• The l o c a t i o n o f t h e w e l l a n d / o r s p r i n g wi trh re spec t t o th e wastesources). W e l i s a n d / o r s p r i n g s c l o s er to the Sit e are the most l i k e l yp o i n t s to p o t e n t i a l l y be impac t ed by o f f - s i t e migrat ion of hazardous waste.
b) T o p o g r a p h i c survey of the monitor w e l l s and spr ing s selected.

; W e l l l o g g i n g of the ex i s t ing Site w e l l , se lected abandoned we l l s , and newm o n i t o r i n g w e l l s f o r :
a) D e t e r m i n i n g the presence and th i ckne s s of the C h a t t a n o o g a S h a l e bygamma ray and resistivity l og s , and
b) Determining the locat ion of more frac tured and di s so lved layers in thl i m e s t o n e s and d o l o m i t e s , by sonic a m p l i t u d e and d e n s i t y l o g s ;
c) D e t e r m i n i n g the re lat ive pre s sure s in the more f r a c t u r e d layers by af o rmat i on te s t er;
d) D e t e r m i n i n g in e x i s t i n g w e l l s the d i f f e r e n c e s in ground- v*ter qua l i ty int h e more f r a c t u r e d layers b y water r e s i s t i v i ty l o g g i n g * r ' ' u y f o r m a t i o nt e s t e r s a m p l i n g a n d analys i s . T h i s I s necessary t o a n ' a r e r . t i a t e t h evarious water-bearing f a r m a t i o n s . This I n f o r m a t i o n w i l l be used tode t ermine the extent of contaminant migrat ion in all pathways.

L Det ermina t i on of recharge and di s charge areas, and main f l o w d i r e c t i onusing:
a) Water level measurements and
b) Water level contour map(s)

117



Cranmer and A s s o c i a t e s , Inc.

S t e p 6: Ground-water and surface water s a m p l i n g and anlysis (see Well and SpringS a m p l i n g ) .
Step 7: Aqui f er t e s t i n g in the e x i s t i n g Sit e we l l and s e l e c t ed abandoned we l l s :

a) P u m p i n g t e s t s ( e n t i r e well t y p e t e s t s ) t o d e t e rmine s p e c i f i c capac i t i e s (bys t e p drawdown t e s t s ) and hydraul i c characteris t ic s (by constantd i s charge rate t e s t s ) ; and
b) Packer t e s t s for the more f r a c t u r e d zones (de t ermined in s t e p s 4 and/or7) to de t ermine hydraul i c characteris t ics by p e r f o r m i n g s lug t e s t s (or, ifp o s s i b l e , sma l l p u m p i n g t e s t s ) , a n d p o s s i b l y t o d e t e r m i n e f l o w rateveloc i t i e s by using a f l o w meter.

S t e p 8 : S u r f a c e g e o p h y s i c a l i n v e s t i g a t i o n :
a) At the b e g i n n i n g o f the Site i n v e s t i g a t i o n , an on-s i te g e o p h y s i c a lI n v e s t i g a t i o n by e l e c t r i c a l r e s i s t i v i t y , seismic r e f r a c t i o n and inducedp o l a r i z a t i o n , f or pro f i l ing the t op o f rock, and i t s l i m e s t o n e channel s andsink ho l e s; and
b) At the end of s t e p 4 (well l o g g i n g ) an on-site end o f f - s i t e geophysic s!i n v e s t i g a t i o n of l i m e s t o n e s and an of f-s i te g e o p h y s i c a l i n v e s t i g a t i o n oftop of rock s imilar to s t ep 8-a, for ex t ending the f i n d i n g s of s t ep 4 ands t e p 7 . T h e p r o t o c o l f o r g e o p h y s i c a l i n v e s t i g a t i o n f s i n c l u d e d i nA p p e n d i x J .

S t e p & I n t e r p r e t a t i o n of Phase 1 Data for determining the extent of contaminantm i g r a t i o n in all pathways:
2.4.1.4 W e l l a n d S p r i n g S a m p l i n g

An I n v e n t o r y of e x i s t i n g w e l l s has been pre s ented In the sect ion on "Evaluation ofPotent ia l Impacts". The locations for the wel l s previously sampled are shown< inF i g u r e s ( ) and ( ).I S a m p l i n g has occurred on and around the Site for a number of years. S a m p l e Jwere taken m o n t h l y at a number of l o ca t i ons f r o m the summer of 1902 until J u n e .1984. in apri l and J u n e of 1985 there were major s a m p l i n g events. S i n c e S e p t e m b e r ,1985. there has been quarter ly s a m p l i n g at the f o l l o w i n g ten s a m p l i n g locations:
Cricket S p r i n gRailroad tunnel spr ing , south sideCanning Fac tory s p r i n gBirmingham old weilBinam well

Behren cisternBehren new wellM i l e s wellBirmingham new wellOmaha City well
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Quarterly s a m p l i n g of these ten we l l s and s p r i n g s and of those w e l l s and spr ing sselected during s t ep 3 of the Geo log i c and H y d r o g e o l o g i c I n v e s t i g a t i o n will continuedur ing the Phase 1 Rl activit ie s .
In a l l s e l e c t ed abandoned w e l l s , ground-wat er sampl e s wi l l b e c o l l e c t e d ; (1) a tthe top o f the s t a n d i n g column of water in the wel l (if p o s s i b l e ) to d e t e r m i n e thepresence or absence of a f l o a t i n g phase; (2) as close to the bottom of the well as ispo s s i b l e to d e t e r m i n e the presence or absence of a s ink ing phas e; and (3) f r o m them i d d l e of the water column to determine the presence or absence of a d i s s o lvedphase.
Also , monthly ground-water level measurements will be taken fn all on-site andc e ' - s i t e w e l l s t o d e t e r m i n e any seasonal i n t e r a c t i o n between sur fac e and groundwaters.

2.4.1.5 S o i l s a n d S e d i m e n t s I n v e s t i g a t i o n
The ob j e c t ive s of the soil s and s ediments i n v e s t i g a t i o n are to:

* Determine the la teral and vertical extent of soil contamination; and
* Characterize wastes In the railroad ditch s ludge pond, tro l l ey area and ash pile.

The s e lec t ion of the soil and sediment s a m p l i n g locations Is discussed in theS a m p l i n g Plan. The s a m p l e s wi l l be c o l l e c t e d using the s a m p l i n g protocol d e t a i l e d inA p p e n d i x D. Tho soils and s ediment s i n v e s t i g a t i o n Is a one-time event, except asnoted where f o l l o w - u p studies become necessary.
2.4.1.6 S u r f a c e W a t e r I n v e s t i g a t i o n
S a m p l i n g a n d A n a l y s i s

Quarter ly sur face and ground-wat er e p i s o d e s wi l l be p e r f o r m e d to corre lateseasonal f l o w s with prec ip i ta t ion. The quarterly sampl ing episodes were ti&cussad inthe S a m p l i n g Plan and shown in T a b l e ( ).
S t r e a m F l o w Measurements

Stream f l o w measurements will be conducted on a continuous basis for CricketSpring Channel and W a l n u t Creek j u s t east of the railroad tunnel In order to e s t imatemass loadings on the streams. Locations for stream f l o w monitoring stations will bef i e l d - v e r i f i e d .
Continual stream f l o w measurements wil bo made using a stream level guagingstation for the two i d e n t i f i e d locations. The stream level guaging station will Include awater level Indica tor operated continuously. Flow measurements will be made fromsections ' 'here the stream channel geometry Is r e f g u l a r (to enable an e s t imat e of thef l o w rate past that p o i n t ) and the water f l o w is regular (i.e. tow turbulence, u n i f o r m ) .Placemant will also consider security from vandalism.
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Data f r o m water level g u a g i n g s t a t i o n s wi l l a id in d e t e r m i n i n g whe thercontaminant migration is i n f l u e n c e d more by lateral hydraul ic grad i en t s to the ad jac en tstreams or more by downward hydraulic gradient s to the ground-water system.S t r e a m level g u a g i n g d a t a shal l be present >d to the EPA as part of the M o n t h l y S t a t u sReport.
Cont inua l f l o w measurements will also be made on Cricket S p r i n g and theT u n n e l S p r i n g . Data c o l l e c t e d w i l l aid in d e t e r m i n i n g the connection between thesespr ing s f i n d the various layers of the aqu i f e r systems.

2.4*1.7. E c o l o g i c a l A s s e s s m e n t
Ecological assessments can Include surveys of f l o r a and fauna. Animal surveysfor ecological s tudie s are difficult to conduct because animals move about and areless d e p e n d a b l e indicator s o f i m p a c t s than p l a n t s , which are s tat ionary. In a d d i t i o n ,the wood treatment chemicals on Site have some modest t o x i c i t y to some species. Anassessment of any Impac t on f i s h could f o l l o w In Phase 2, If It is determined duringPhase 1 tha t off-site impacts may have reached or Is likely to reach f i s h habi tat s at toxicconcentrations.
The plant species normally composing the vegetation in the area of the Site willbe Identified by a botanist laminar with Arkansas if p o l l u t a n t s are above the targe tlevel. The d e s c r i p t i o n will be qual i ta t ive . The botanist will be provided with a large*scale map of the s tudy area, with e s tabl i shed reference po in t s , to use during thesurvey. R e f e r e n c i n g the map, the botanist will describe the general abundance ofd i f f e r e n t species.
If areas contain obviously I m p a c t e d vegetation, comparison with an ad ja c en t ,undi s turbed area will be made to d e t ermine the magni tud e of p o l l u t a n t Impact . Thef i n d i n g s of the survey will be c o m p i l e d In the Phase 1R1 A c t i v i t i e s Summary R e p o r t ,and will indulde a vegetation map with notations of s p e c i f i c types of vegetation, majorp lan t s , and location of any *pecial p lant s .

2.4.1.8 Phase 1 ' R l A c t i v i t i e s S u m m a r y Report
i F o l l o w i n g the Phase 1 Rl act ivi t ie s , a summary report will be submit ted to the EPAfor review and comment. The report will summarize the i n f o r m a t i o n obtained and theconclusions drawn. A d d i t i o n a l l y , recommendations p e r t a i n i n g to addi t i onalInformat i on and activities to be performed in Phase 2 will be presented in detail.

The Phase 1 Rl Activities Summary Report will f o l l o w the general ou t l ine of theremedial Invest igat ion Report, Section 2.6.3. Fol lowing submission of the Phase 1 HIActivities Summary Report to the EPA, no f u r t h e r work concerning Phase 2 Rl activitiesshall be p er f ormed until approved by EPA.
2.4.2 Phase 2 Rl A c t i v i t i e s
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Phase 2 Rl activities will b© done to obtain addi t onal i n f o r m a t i o n concerning sitecontaminat ion that may be required for r emedia t ion. A W o r k P l a n for Phase 2 w i l l bedeveloped and submitted to EPA for review and a p p r o v a l , prior to commencing Phase2 activit ies . A c t i v i t i e s in Phase 2 may i n c l u d e :

* C o m p l e t i o n o f o n - S i t e a n d / o r o f f -Si t e soil bor ing s wi th s a m p l i n g and analys i s t oassess the ex tent of soil c o n t a m i n a t i o n ;
* A d d i t i o n a l a q u i f e r t e s t i n g t o d e f i n e charac t er i s t i c s and i n t e r a c t i o n o f water-bearing strata;
* Expanded Geologi ca l and H y d r o g e o l o g i c a l Field Surveys;
* I n s t a l l a t i o n o f a d d i t i o n a l ground-wat er m o n i t o r i n g w e l l s , where n e e d e d , t oI n v e s t i g a t e t h e movement o f c o n t a m i n a n t s and t o d e t e r m i n e h y d r a u l i ccharacter i s t i c s of water-bearing s trata;
* C h a r a c t e r i z a t i o n of Cricket Spring impac t s on b io ta; and
* Cont inued seasonal s a m p l i n g od s p r i n g s , s ur fa c e and ground-waters.

C o n c u r r e n t l y with Phase 2 RI a c t i v i t i e s , the f o l l o w i n g remediat ion ac t iv i t i e s maybe p e r f o r m e d :
* Interim soil removal and t emporary i s o l a t i o n o n - S i t e to avoid f u t u r e sur fac e runoffor subsurface percolat ion. This will also provide an o p p o r t u n i t y for early p i l o tscale eva lua t i on of mi c rob i o l og i ca l treatment opt ions .

C o n s i s t e n t w i th previous s t a t e m e n t s , the Work P l a n w i l l be a p p e n d e d to theQAPP and submi t t ed to the EPA for approval pr ior to s t a r t i n g Phase 2 Rl act ivit ie s .
2.4.2.1 S o i l S a m p l i n g

The o b j e c t i v e s of Phase 2 soil s a m p l i n g will be to: if n e ed ed , s u p p l e m e n t datacollected during Phase 1 Rl activities so that an adequate in format i on base existsconcerning contaminant sources and migra t i on p a t h s for remedial action f e a s i b i l i t ystudies.
The s a m p l e c o l l e c t i on me thod s f or a l l a d d i t i o n a l s a m p l i n g wi l l b e consistent withthose used in Phase 1 unless they have proven to be inappropriate .

2.4.2.2 G r o u n d - W a t e r M o n i t o r i n g W e l l s .
I n v e s t i g a t i o n of the migrat ion of contaminants may be e xpanded If the Phase 1data indicate o f f -Si t e i m p a c t s beyond th e se lected zones. Of f-Si t e ground-watermoni tor ing w e l l s may be needed to monitor contaminant migra t i on and to r e f i n eaquifer characteristics. I n f o r m a t i o n poss ibly required include the e s tabl i shing of:
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1. D o w n g r a d i e n t g r o u n d - w a t e r m o n i t o r i n g w e l l ( s ) to moni t or the m i g r a t i o n ofcontaminants and d e f i n e migra t i on p a t h s and p a t t e r n s (ver t i ca l , l a t e r a l , or bo th).
2. A d d i t i o n a l s h a l l o w m o n i t o r i n g w e l l s migh t be l o ca t ed:

a. D o w n g r a d i e n t o f any contaminant p l u m e (i f f o u n d ) to assess l o n g - t e r mcontaminat i on m i g r a t i o n f r o m t h e S i t e ;
b . With in th e c o n t a m i n a n t p l u m e t o d e f i n e a q u i f e r c h a r a c t e r i s t i c s , i f no tp r e v i o u s l y d e f i n e d ; and
c . A d d i t i o n a l d o w n g r a d i e n t d e e p m o n i t o r i n g w e l l s ( a n d / o r s a m p l i n g o f e x i s t i n gdr ink ing water w e l l s c o m p l e t e d in the major a q u i f e r ) to d e t e rmine the extent ofground-water c on taminat i on in the d e e p aqu i f e r .

2.4.2.3 A q u i f e r T e s t i n g
I f n e e d e d , p u m p i n g a n d s l u g J e s t s s h a l l b e p e r f o r m e d t o d e f i n e t h e a q u i f e rcharacteris t ic s and h y d r a u l i c in t e rac t i on of the re s iduum and the d e e p e r a q u i f e r s . Ina d d i t i o n , a q u i f e r i n f o r m a t i o n p e r t i n e n t t o th e hor i zon ta l and vertical m i g r a t i o n o fc on taminan t s f r o m the Site into the s h a l l o w and d e e p a q u i f e r systems s h a l l also bed e f i n e d i f needed.

2.4.2.4 Cri cke t Creek S a m p l i n g
I f t h e Cricket Creek C h a n n e l s a m p l i n g program i n d i c a t e s tha t contaminant s haveentered Cricke t Creek, t h e n a more intense creek s a m p l i n g e f fort may be j u s t i f i e d .S a m p l e s f r o m the creek would be taken f r o m water (above and below the c o n f l u e n c ep r ; n t ) at 100' transec t s , s e d i m e n t s (at the same s t a t i o n s ) , and biota (i.e. f i s h or othern a t u r a l l y occurring e d i b l e biota).

2.4.2.5 S e a s o n a l S a m p l i n g
It may be necessary to continue to monitor s p e c i f i c p o i n t s on, and ad jac en t to, theSite to p ermi t the c o rr e la t i on and a s s o c ia t i on of m e t e o r o l o g i c a l events and Siteac t iv i t i e s with contaminant release and t ran spor t . T h e r e are l i m i t e d data a v a i l a b l e(since F e b r u a r y 1985) and hence th i s quar t e r ly water s a m p l i n g program should becontinued i n d e f i n i t e l y .

2.4.2.6 O p t i o n a l S o l ! I s o l a t i o n a t S p e c i f i c Areas
O p t i o n a l l y , and apart f r o m the Phase 2 Rl ac t iv i t i e s , contaminated s o i l s In theRailroad Ditch Pit, Trolley Area and Ash Pile my be excavated and stored on-Site . Thehorizontal and vertical extent of contaminat ion will be Identified in Phase 1. ThisI n f o r m a t i o n , in connection with on-Site analysis for target compounds duringexcavation, wi l l be used to d e f i n e the lower extent of soil a n d / o r waste removalnecessary. P r e l i m i n a r y g u i d e l i n e s have been d e v e l o p e d by the Center For DiseaseControl (CDC) of 150 m g / k g PCP and 100 m g / k g PNA for soils. Actua l action l e v e l swill be d e v e l o p e d s p e c i f i c a l l y for th i s site.
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A d d i t i o n a l l y , t h e r emaining w o o d c h i p p i l e s w i l l also b e removed. Thi s mater ia lmay be d i spo s ed at a p p r o p r i a t e on- or off-Site d i spo sa l f a c i l i t i e s .
2.5 T a s k 4 - S i t e I n v e s t i g a t i o n A n a l y s i s
2.5.1 S i t e I n v e s t i g a t i o n A n a l y s i s R e p o r t i n g

T h i s task w i l l ensure that data generated d u r i n g the Rl are s u f f i c i e n t in q u a l i t y andquant i fy to achieve the FU/FS objectives.
The r e su l t s and data generated will be conso l ida t ed and organized to evaluatep o t e n t i a i r e l a t i o n s h i p s be tween the e n v i r o n m e n t a l f e a t u r e s o f th e Si t e and wastecharacteristics. F i n d i n g s w i l l be summarized and p r e s e n t e d in in t e r im Q u a r t e r l yReports.

2.6 T a s k 5 - Laboratory and Bench-Scale S t u d i e s
In 1985, p r e l i m i n a r y labora tory s tudie s by "Bio-Clean" (St. Paul , MM) werep e r f o r m e d on one sur fa c e s a m p l e c o l l e c t e d in the rai lroad di t ch s l u d g e p o o l . T h e s er e s u l t s i n d i c a t e d that: 1) re s ident bac ter ia do exist in the s o i l ; 2) maximumd e g r a d a t i o n occurred for POP when the contaminat ion was less than 500 ppm(achieved t h r o u g h d i l u t i o n with oiner s o i l ) ; and 3) f i n a l c l ean-up l e v e l s le s s than CDCGuide l in e s were achieved in less than 48 hours reactor time.
T h e s e encouraging data will be f u r t h e r inves t igated through add i t i ona l lab andp i l o t - s ca l e s t u d i e s . The i s o l a t e d soil to be stored o n - S i t e could be used to d e v e l o p ap i l o t - s c a l e system on-site. P a r t i c u l a r a t t e n t i o n wi l l be d i r e c t e d toward d e v e l o p i n g thePilo t S c a l e system.
Other const i tuent s beyond POP and PNA's have been i d e n t i f i e d in quantitiesabove action l e v e l s , i n c l u d i n g d i o x i n s and f u r a n s , a l t h o u g h the extent of contaminat ionhas not baen determined. C a r e f u l consideration wi l l be given to other t e chnologywhich wil l addre s s treatment and d i s p o s a l of these contaminants as a p p r o p r i a t e . Forbench or p i l o t t e s t s , a s t udy protocol ( i n c l u d i n g s a m p l i n g and analys i s p r o t o c o l s ) willbe d e v e l o p e d pr i o r to assessment. This pro toco l will be submi t t ed to EPA for approva lprior to i n i t i a t i n g these studies.

2.7 T a s k 6 - Rl R e p o r t i n g Requirement s
The scope of work for the Rl of the Site requires the p r o p e r d o c u m e n t a t i o n andreporting of the data, assessments, and conclusions prduced. The desired result is aremedia t ion p l a n which p r o t e c t s human h e a l t h , w e l f a r e , and the environment and isc o s t - e f f e c t i v e . P r o p e r r e p o r t i n g throughou t the Ri will h e l p acb:<*ve thi s goal by:
Ensuring the major issiues are addres s ed adequat e ly;

* T r a c k i n g pro j e c t progre s s ;
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* C o n s o l i d a t i n g d a t a ;

R e c o r d i n g the m e t h o d s used and the r e s u l t s of the work done; and
* S u p p o r t i n g the d e c i s i on s made and c onc lu s i on s drawn d u r i n g th© subsequentf e a s i b i l i t y s tudy.

The i m p l e m e n t a t i o n of th i s work p l a n wil l involve the m o n t h l y r e p o r t i n g to EPA ontechnical progre s s o f the Rl. In a d d i t i o n , Quar t er ly W r i t t e n Repor t s w i l l b e provided toEPA.
2.7.1 M o n t h l y P r o j e c t S t a t u s R e p o r t s

W r i t t e n m o n t h l y s t a t u s r e p o r t s w i l l be p r e p a r e d to assist in m a n a g i n g andeva lua t ing t h e progre s s o f t h e S i t e R l . T h e r epor t s w i l l i d e n t i f y a n d / o r summarize: ( 1 )ac t iv i t i e s conducted th i s p e r i o d ; (2) work p r o g r e s s , d u r i n g thi s r e p o r t i n g p er i od and tod a t e , and percent c o m p l e t e ; (3) work p l a n n e d for next r e p o r t i n g p e r i o d ; (4) workrevisions; ( 5 ) s c h e d u l e s t a t u s ; ( 6 ) t e s t i n g / d a t a r e s u l t s ; a n d ( 7 ) s u p p o r t a c t i v i t i e s .T h e s e r epor t s w i l l be p r e p a r e d by the Site Rl Official and Proj e c t M a n a g e r and wi l l besubmited to the EPA by the t e n t h of each month.
2.7.2 Q u a r t e r l y R e p o r t s

Data and i n t e r p r e t i v e i n f o r m a t i o n w i l l be s u b m i t t e d to EPA on a quar t er ly basis.T h i s i n f o r m a t i o n w i l l s u p p l e m e n t t h e m o n t h l y report s a n d provide f u r t h e r i n f o r m a t i o non the state of k n o w l e d g e of the Site.
2.7.3 R e m e d i a l I n v e s t i g a t i o n R e p o r t

Fol lowing the Rl a c t i v i t i e s , a R e m e d i a l I n v e s t i g a t i o n Report wi l l b e p r e p a r e dp r e s e n t i n g t h e f i n d i n g s o f t h e R l f o r E P A ' s review a n d comment. T h e report s h a l lpresent i n f o r m a t i o n o f the Site , conc lu s ions and i n t e r p r e t a t i o n s .
The report should i n c l u d e , as a minimum:
* Physical d e s c r i p t i o n of the S i t e and Site hi s toryT e c h n i c a l a p p r o a c h to the i n v e s t i g a t i o n* S a m p l i n g procedure s* QA/QC program* All data generat edI n t e r p r e t a t i o n o f dataDel iv erab l e s generat ed dur ing the s tudyi n v e s t i g a t i o n re su l t sSource i d e n t i f i c a t i o nSource contaminat ion, nature and extent
The f o l l o w i n g l i s t of data and i n f o r m a t i o n s h a l l be i n c l u d e d , as a minimum, in the Rlreport:
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L i t h o l o g i c bor ing l o g s , i n c l u d i n g wri t t en a n d g r a p h i c a l r e p r e s e n t a t i o n s ;
S e i s m i c r e f r a c t i o n survey re su l t s and cross s e c t ions , if p e r f o r m e d ;
EM survey r e su l t s and d i a g r a m s ;
F e n c e d iagrams of p e r t i n e n t s u b s u r f a c e strata and extent of c on taminat i on;
Contour m a p ( s ) o f th e m a j o r sub sur fac e f o r m a t i o n s ;
S a m p l i n g l o g s ;
T o p o g r a p h i c m a p ( s ) o f the Site and s u r r o u n d i n g areas showing sur fa c e dra inagep a t t e r n s , a l l s a m p l i n g l o c a t i o n s , s tructures and s u r f a c e f e a t u r e s ;
S a m p l e a n a l y s i s i n c l u d i n n g a d e s c r i p t i o n o f QA/QC p e r f o r m e d and Q A / Q C r e s u l t sf o r t h e entire i n v e s t i g a t i o n ;
Paramet er s c o m p r i s i n g the p o l l u t a n t analys i s and hazardous subs tances wi tht h e i r associated laboratory d e t e c t i o n l i m i t s ;
M o n i t o r i n g well l o ca t i on s and e l e v a t i o n s ;
M o n i t o r i n g we l l cons truc t ion d e t a i l s ;
P u m p i n g a n d recovery t e s t d a t a ( i f p e r f o r m e d ) , d i a g r a m s , p l o t s , a n di n t e r p r e t a t i o n s ;
P o t e n t i o m e t r i c s u r f a c e maps;
A n a l y s i s o f ground-water f l o w rates and d i r e c t i o n s ;
A n a l y s i s of s ur fa c e water f l o w rates and d ir e c t i on s;
A n a l y s i s o f sur face wa t e r /ground-wa t e r i n t e r r e l a t i o n s h i p s ;
W a t e r q u a l i t y d iagrams ( t r i l i n e a r o r S t i f f ) ;
Contour maps of contaminant concentra t ion(s);
A l l s a m p l i n g r e s u l t s , i n tabular f o r m ;
A n a l y s i s of contaminant transport* via ground-water, sur face water, and sedimentpathways;
Discussion of data and i n t e r p r e t a t i o n l i m i t a t i o n s ; and
A n a l y s i s of impac t s on f l o r a and fauna.

125



L

C r a n m e r and A s s o c i a t e s , I n c .

P r i o r to w r i t i n g the r e p o o r t , a report o u t l i n e s h a l l be s u bmi t t ed to the EPA forreview and a p p r o v a l . Ten cop i e s o f the Draft Remedial I n v e s t i g a t i o n Report wi l l bes u b m i t t e d to the EPA for review. After review and comment, a f inal report wi l l bep r e p a r e d and submi t t ed .
2.7.4 Endangerment Asse s sment

An E n d a n g e r m e n t Ass e s smen t s h a l l be p e r f o r m e d to evaluate the environmenta lhazards posed by c o n t a m i n a n t s at the Site. This s h a l l i n c l u d e a p a t h w a y e v a l u a t i o n ,i d e n t i f i c a t i o n of the r e c ep t o r s , and a p r e l i m i n a r y hazard a n a l y s i s and s h a l l beconsis tent wi th t h e N a t i o n a l C o n t i n g e n c y Plan.
The o b j e c t i v e of the endangerment assessment will be to d e t e r m i n e if there is ap r o b a b i l i t y of actual or p o t e n t i a l harm, and if so the m a g n i t u d e of risk to the p u b l i ch e a l t h , w e l f a r e , and the environment by the thr ea t ened onactual release of hazardoussub s tance s i f no r e m e d i a l a c t i on were taken at the S i t e . The e n d a n g e r m e n tassessment i t s e l f w i l l i d e n t i f y a n d characterize:

1. The c onc en tra t i on s of chemical s or mixture s present in all relevant environmentalmedia;
2. E n v i r o n m e n t a l f a t e and t r a n s p o r t mechanisms w i t h i n env ironmenta l m e d i a ,i n c l u d i n g h y d r o g e o l o g i c a l eva luat ions and asse s sments;
3. Intrinic l e x i c o l o g i c a l p r o p e r t i e s of hazardous wastes;
4. Expo sur e p a t h w a y s and ex tent of e x p e c t e d exposure ;
5. P o p u l a t i o n s at risk; and
6. Extent of e xp e c t ed harm and the l i k e l i h o o d of such harm occurring.

An E n d a n g e r m e n t A s s e s s m e n t is an eva luat ion of the c o l l e c t i v e d e m o g r a p h i c ,g e o g r a p h i c , p h y s i c a l , chemical, and b io logica l f a c t o r s which describe the extent of theimpact s of a p o t e n t i a l or actual release of a hazardous waste sub s tance(s).
With the a v a i l a b l e i n f o r m a t i o n , th e Endangerment Ass e s smen t s h a l l evaluate theadequacy, o c currance /pre c i s i on , comprehens ivenes s , r e l i a b i l i t y , and overall qua l i ty ofi d e n t i f i e d i n f o r m a t i o n and data. This evaluat ion s h a l l use the f o l l o w i n g o u t l i n e and usequal i ta t ive a n d / o r quan t i t a t i v e terms as a p p r o p r i a t e :

1. Physical Des cr ip t i on of the Site and Site History
a. G e o g r a p h i c lo ca t ionb. Management p r a c t i c e s / S i t e u s e / S i t e m o d i f i c a t i o n sc. C h r o n o l o g i c a l survey "d. Faci l i ty d e s c r i p t i o n s / c o n t a i n m e n t systemse. S u b s t a n c e s o n - S i t e (identity, q u a n t i t y , f o r m , and manner of d i s p o s a l orh o l d i n g
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2. Sit e C o n t a m i n a t i o n / Q f f - S i t e C o n t a m i n a t i o n
a. Identity of substances de t e c t edb. C o n c e n t r a t i o n of substances d e t e c t edc. Analyt i ca l m e t h o d o l o g y and QA/QCd . S u r v e y o f e n v i r o n m e n t a l m o n i t o r i n g s t u d i e s ( d e t a i l e d d i s c u s s i o n o fenv ironmenta l media and c on tamina t i on l e v e l s )

3. Environmental Fate and T r a n s p o r t
a . P h y s i c a l - c h e m i c a l p r o p e r t i e s o f s p e c i f i e d c h e m i c a l s / s u b s t a n c e s (e .g . ,s o i l / s e d i m e n t a d s o r p t i o n c o e f f i c i e n t s , vapor pre s sure s , s o l u b i l i t y , etc.)b. P h o t o d e g r a d a t i o n rate s , d e c o m p o s i t i o n rate s , h y d r o l y s i s rates , chemicalt rans f ormat ion s , etc.c. Local t o p o g r a p h yd. D e s c r i p t i o n of the h y d r o l o g i c a l s e t t i n g and f l o w systeme. Soil ana ly s e sf . C l i m a t i c f a c t o r s , other f a c t o r s a f f e c t i n g f a t e a n d t ranspor tg. P r e d i c t i o n o f f a t e and t r a n s p o r t (where necessary using m o d e l i n g m e t h o d s )

4. T o x i c o i o g i c a l P r o p e r t i e s (harard i d e n t i f i c a t i o n )
a. M e t a b o l i s mb. Acut e t o x i c i t yc. S u b c h r o n i c t o x i c i t yd. Chron i c t o x i c i t ye. C a r c i n o g e n i c i t yf . M u t a g e n i c i t yg . T e r a t o g e n i c i t y / r e p r o d u c t i v e e f f e c t sh * Other h e a l t h e f f e c t s ; i n c l u d i n g n e u r o t o x i c i t y , i m m u n e - d e p r e s s a n t a c t i v i t y ,a l l e r g i c react ions , etc.i. E p i d e m i o l o g i c a l evidence ( c h e m i c a l - s p e c i f i c or S i t e - s p e c i f i c )j . A q u a t i c / n o n - h u m a n t e r r e s t r i a l s p e c i e s t o x i c i t y / e n v i r o n m e n t a l q u a l i t y, impa irmen t

5. E x p o s u r e Asse s sment
a. D e m o g r a p h i c p r o f i l e s of p o p u l a t i o n s at risk i n c l u d i n g s u b p o p u l a t t o n at spec ia lriskb. Background chemical exposuresc. Lifestyle and oc cupat ion his toriesd. P o p u l a t i o n macro- and micro-environmentse. Exposure route

6. Risk Assessment and I m p a c t Evaluation
a. Carc inogen i c risk assessmentb. P r o b a b i l i t y of non-carcinogenic human h e a l t h e f f e c t s

CM
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c. N o n - h u m a n spec ie s risk assessmentd. Environmenta l i m p a c t s / e c o s y s t e m a l t era t i on s
7. C o n c l u s i o n s
8. S u p p o r t d o c u m e n t a t i o n ( a p p e n d i c e s )

Prior to d e v e l o p m e n t of the Endangerment A s s e s s m e n t , the criteria used inassess ing e n d a n g e r m e n t will be s ubmi t t ed to the ERA for comment.
The Endangermen t Asse s sment s h a l l be p u b l i s h e d as a separate document. TheEndangerment Asse s sment s h a l l be p e r f o r m e d concurrent ly wi th the l a t t e r part of thePhase 2 Rl ac t iv i t i e s and the init ial d e l i b e r a t i o n s of the Feasibil i ty S t u d y .
The c o m p l e t e d draf t E n d a n g e r m e n t Ass e s smen t wi l l be submi t t ed to the ERA forreview and comment. Ten copie s of the draft E n d a n g e r m e n t Asse s sment sha l l besubmit t ed to the ERA for review and approva l . The draf t E n d a n g e r m e n t Ass e s smen ts h a l l b© revised as required by the ERA'S comments and 10 cop i e s if the FinalEndangerment Asse s sment s h a l l be submit t ed .

2.8 T a s k 7 * C o m m u n i t y R e l a t i o n s S u p p o r t
Prior to i n i t i a t i n g Site f i e ld a c t i v i t i e s , a community r e la t i on s p l a n wi l l b e d e v e l o p e db y E R A , with i n p u t f r o m t h e P o t e n t i a l l y R e s p o n s i b l e Part i e s ( P R I ' s ) . T h e document w i l lbe p r e p a r e d in accordance wi th the "Communi ty R e l a t i o n s in Superfund; a H a n d b o o k ,Inter im Version", Environmental Protection Agency. Office of Emergency and RemedialRespons e , S e p t e m b e r . 1983.
The ERA, ADPC&E. and MMI r epr e s en ta t iv e s have been In contact with oneanother and with a f f e c t e d i n d i v i d u a l s . No p u b l i c mee t ing s nave been he ld to date.
Organized g r o u p s invo lv ed wi th c o m m u n i t y env ironmenta l a f f a i r s w i l l b ei d e n t i f i e d . Contact will be e s t ab l i s h ed and maintained throughout the remedial actionp o r t i o n of the p r o j e c t . Other in t e r e s t ed p a r t i e s that will be kept abreast of h a p p e n i n g sat the Site Include:

* E l e c t e d r e p r e s e n t a t i v e s , i n c l u d i n g State and F e d e r a l r e p r e s e n t a t i v e s andS e n a t o r s ;
* Arkansas Depar tment of P o l l u t i o n Control and Eco logy; and
* Boons County Health Depar tment , Harri son.

Communi ty relations p l a n s g e n e r a l l y s p e c i f i y two t y p e s of techniques to maintainp u b l i c awareness and to meet the community relat ions o b j e c t iv e s ; (1) prov id ingpor i od i c progres s report s on the f i n d i n g s of tha remedial inve s t igat ion, and (2) e l i c i t i n gand do cument ing comments and concerns f r om c i t izens , f o c a l officials, and communityor environmental groups.

cv
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The o b j e c t i v e s of the C o m m u n i t y Rela t i on s Plan are to:
Ensure that l o ca l r e s i d en t s , S t a t e and local of f ic ials , and concerned g r o u p s aren o t i f i e d of major f i n d i n g s , ac t ivi t i e s and the reasons for these activit ies anddec i s ions in a t i m e l y manner;
Prov id e t h e m e d i a with d e t a i l e d , accurate i n f o r m a t i o n about t h e R e m e d i a lI n v e s t i g a t i o n and F e a s i b i l i t y S t u d y ;
E f f e c t i v e l y addres s c i t i z e n inquir i e s and concerns to ensure that the best p o s s i b l ei n f o r m a t i o n is provided. Provide accessible, consistent sources for p e o p l e tocontact and a l l o w an a m p l e time period for the p u b l i c to r e spond;
P r o v i d e local r e s i d e n t s and S t a t e and local o f f i c ia l s wi th the o p p o r t u n i t y t ocomment o n remedial action a l t e r n a t i v e s i d e n t i f i e d d u r i n g t h e F e a s i b i l i t y S t u d y ;and
K e e p abreast of changes in community concerns, i n f o r m a t i o n needs andac t iv i t i e s and m o d i f y the communi ty re la t i ons p l a n as necessary to addres s thesechanges.
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U p d a t e No. 4 t o th e NPL p r o p s e d an HRS score o f 34.21 for th e S i t e . Thi sca l cu la t i on was based, in part on an e s t imated to ta l quant i ty of waste of 6,234 tons.T h i s e s t imated quant i ty of waste, in turn, is the total of three separate items:
1. Bob Barker, one of the Arkwood p l a n t managers , e s t i m a t e d to ADPC&Einspectors in 1981 that the p lant produced a total of 500 ga l l on s of waste per yeardur ing h i s tenure. The HRS c a l c u l a t i o n in U p d a t e No. 4 m u l t i p l i e d th i s 500 g a l l o nper year f i g u r e by the 22 years that the plant was in operation, for a tctai of 11,000g a l l o n s , or 220 fifty g a l l o n drums, for a scoring equivalent of 55 tons.
2. A pit or d i t ch a d j a c e n t to the p l a n t s i t e which contained s l u d g e and soilcontaminated with creosote and p en ta ch l oropheno l , was estimated to be 40 f e e tl o n g , 15 f e e t wide, and 3 f e e t d e ep . T h e s e d imens i on s re sul t ed in a total volumeof 68 cubic yards, or a scoring equivalent of 68 tons.
3. A sawdust p i l e at the east end of the plant yard was estimated to be 275 f e e t l ong,150 f e e t wide and 4 f e e t d e e p . T h e s e d imen s i on s re su l t ed in a volume of 6 ,111cubic yards, or a scoring equivalent of 6,111 tons.

T h e s e waste quantity calculat ions erroneously counted the same wastes morethan once and c o n s e q u e n t l y , overstated the value used in the HRS scoring for to ta lquantity of waste.
The f i r s t item in EPA's calculat ions represented an estimate of waste generatedover the o p e r a t i n g l i f e o f the p l a n t . The second i t em, the railroad d i t ch , Is one o f theareas where these wastes were placed. T h u s , al! of the wastes placed in the railroadditch were counted once as oar <jf Item No. 1 ( a n d a second time as part of Item No. 2.The total volume of the contaminated soil in the railroad ditch Is undoub t ed ly largerthan the volume o? waste which Is c o n t a m i n a t i n g the soil U n d e r the Hazard RankingS y s t e m ; however, it is i n a p p r o p r i a t e to base a score on the total volume ofcontaminate soil or other contaminated matrix at a Site. Only the amount of thecontaminating hazardous substance is to be included in the waste quantity calculation.U n c o n t r o l l e d H a z a r d o u s Was t e Site Ranking Users Manual . 47 F e d e r a l Regi s t e r31187, at 31229 (publ i shed July 16.1982).
Item No. 3 in the calculation of total waste represents an sv*n more s igni f i canterror in the e s t imate of waste quantity. The p i l e of sawdust and shavings at the eastend of the plant yard had been generated by wood p l a n i n g equipment and had beenused e x c l u s i v e l y on untreated wood. C o n s e q u e n t l y ! the sawdust and shavingsthemselves o r ig ina l ly contained no treatment chemicals. S a m p l i n g evidenceindicate s , however, that the sawdust p i l e is now contaminated with p en ta ch l o ropheno l
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in the low par t s per m i l l i o n range.* The only p o s s i b l e source of the p e n t a e h l o r o p h e n o lobserved in the sawdust p i l e was MMI's u s e o f th e l i q u i d wastes I n c l u d e d on Item No.1 ( a b o v e , for dust control purpo s e s .
C o n s e q u e n t l y , as with the railroad d i t ch , all of the wastes in the sawdust p i l e werecounted once by EPA as part of Item No. 1, and once again as part of the sawdust p i l e .F u r t h e r m o r e , in c lu s i on of the ent ire volume of the sawdust p i l e i m p r o p e r l y add s to thewaste calculat ions a substantial volume of soil and sawdust on top of a quantity ofwastes which have contaminated them.

I f , f o r a n y reason, t h e sawdust p i l e w a s I n c l u d e d I n t h e ca l cu la t ion o f hazardouswaste, MMI noted that the dimensions attributed to the sawdust p i l e by EPA overstatedits volume by more than two orders of magni tude . In order to e s t a b l i s h more accuratedimensions, MMI p h o t o g r a p h e d and surveyed the sawdust pile . A drawing withsur face a n d d e p t h measurements i s a t tached. M M I ' s measurements indi ca t ed that t h esawdust p i l e had a surface area of 2108 square f e e t and an average d e p t h of six tonine inches. T h e s e d imen s i on s r e su l t ed in a t o ta l volume of less than 60 cubic yards.
EPA's e s t imate o f 6 ,111 cubic yards for the volume o f the sawdust p i l* was basedupon an April 1985 memorandum from Doice H u g h e s , a geo logi s t with AJPC&E, toTim Perdue in the Region VI Off ice . MMI di scus s ed i t s p h o t o g r a p h and survey with Mr.Hughes . Mr. H u g h e s indicated that the dimensions he or ig inal ly reported to EPA wereonly an es t imate and that a subsequent visit to the Site convinced him that his e s t imates i g n i f i c a n t l y overstated the size of the sawdust pile. Mr. H u g h e s indicated that he didnot quest ion the accuracy of MMPs measurements.
Based on the f o r e g o i n g f a c t s , MMI believed that Item No* 2, the railroad d i t c h , andItem No. 3, the sawdust p i l e should be assigend a HRS scoring value of 2. 47 Fed.Reg. 31187, at 31229 ( p u b l i s h e d July 1 6 , 1 9 8 2 ) . W h e n t h i s new scoring value wassubsti tuted for the original waste quantity value, the final HRS score for the S i t e wasreduced f r o m 34.21 to a corrected score of 26.32. An i t e m i z e d compari son of theoriginal HRS cal cu la t ion and the revised calculat ion for the S i t e f o l l o w s theseComments.
EPA's HRS scoring sheets and Documentat ion Record assigned a GroundwaterT a r g e t s value of 29 for the Site . T h i s Groundwater T a r g e t s value was based, In part ,on the a s sumpt ion that there were "no s i g n i f i c a n t aquitards" s epara t ing the s ha l l owgroundwater system in the immediate vicinity of the p l a n t , which had shown tracecontamination of f-Site, and the d e e p a q u i f e r that s u p p l i e d the Omaha municipal watersystem and other groundwater users within a three mile radius of the plant. MMIbelieved that EPA's a s sumpt i on was mistaken and that there was a substantial barrierbetween the shal low groundwater system a f f e c t e d by the Si t e , and the d e ep aquifer

cv

The documentat ion Record of EPA's HRS scoring Indfcateds that the sawdust p i l e was Included In thecalculat ion of waste quant i ty because two 1979 soil and sawdust sample s taken by the ADPC & E showedp e n t a c h l o r o p h e n c l contamination u< levels of 30.000 and 23,000 ppm. MMI questioned the levels ofp en iach loropheno l reported In these s ampl e s and they took three cample s f r o m three dif ferent portionsof the sawdust p i l e for I n d e p e n d e n t verification. Tha samptes taken by MMI were analyzed by theM c K e s s o n Envlronmenta Serv i c e s L a b o r a t o r y I n Dubl in , C A , T h e analyt i ca l r e su l t s showedp e n r a c h l o ' O p h e n o t at 0.5 ppm, 2.1 ppm. and 170 ppm.
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s u p p l y i n g the Omaha m u n i c i p a l water sys t em and other groundwat er users in thearea.
MMi retained GMI to conduct a g eohydro l og i c inves t igat ion of the Site and thesurrounding area. G M I ' s i n i t i a ! S i t e assessment a n d m o n i t o r i n g data indicated that t h econtaminant s had been f o u n d to reside only in the s ha l l ow ( l e s s than 50 f e e t belowland s u r f a c e ) interconnected so lu t ion caviities f ound at the base of the limestonef o rmat i on . W a t e r that entered the s h a l l o w drainage system f l o w e d l a t e r a l l y v<estwardthrough the shallow solution f ea ture s , emerging as springs along Cricket Creek about400 yards f r o m the S i t e . Most of the domes t i c we l l s wi thin about a mile of the Site hadbeen t e s t e d ; only thre® wel l s located in a very small area between the Site and s p r i n gcontained the contaminants It was believed that the contaminants entered the wel l svia the s h a l l o w s o l u t i o n channe l s because the w e l l s were cased only into the top ofthe l imestone (and not to the d e p t h of the solution channels), and a 300-foot thickc o n f i n i n g bed ex i s t ed below the s h a l l o w water-bearing zone.

It was GMI's b e l i e f that the 2100-foot Omaha municipal water well was not in anyway thr ea t ened by waste f r o m the Site. Severa l h y d r o g e o l o g i c reasons s u p p o r t e d t h i sconclusion:
1. The h y d r a u l i c gradient at Arkwood had bsen de t e rmined to be northwestward(the Omaha well was located to the northeast);
2. The distance between the Site and the Omaha well was about one mile;
3. Several domes t i c water we l l s were located between the Site and the Omaha wellthat had not been f o u n d to be contaminated and , if designated as such, could actas an early warning sys tem;
4. S e v e r a l t h i c k aqu i c iude s e x i s t e d be tween the s h a l l o w zone in w h i c hcontamination had been observed and the a q u i f e r that was t a p p e d by the Omahaw e l l ; and
5. A p r o p e r l y cased 900-foot weil that was located on the Silo i t s e l f had beens a m p l e d r e p e a t e d l y and was f r e e of any contamination,

i Based upon the data generated by GMI, MMI bel ieved that two corrections shouldhave been made In the G r o u n d w a t e r T a r g e t s value for the Site . Firs t , the GroundwaterUse fa c t or should ba reduced f r o m 3 to 2, because users of domestic wel l s in thevicinity of the Site had a munic ipa l watr s u p p l y available nearby which draw f r o m anal ternate , unthreatened source. S e c o n d , the p o p u l a t i o n served by domestic wells inthe immedia t e vic ini ty of the Site which could have been a f f e c t e d by contamination Inthe s h a l l o w groundwater system to ta l ed less than ten houses, or a scoring equivalentof 33 peopl e . T h i s p o p u l a t i o n fell into the 1 to 100 p o p u l a t i o n range that wasassigned a scoring value of 1. Use of this revised p o p u l a t i o n value, t oge ther with therevised Groundwater Use factor,-lowered the Groundwater T a r g e t s score f r om 29 to16. The revision of the Groundwater s T a r g e t s value, in turn, lowered the overall MRSscore for the $!*$ f r om 34.21 o r i g i n a l l y p ropo s ed by EPA to a corrected score of 18.87.
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W h e n the corrections s u g g e s t e d by these Comment s for t o ta l quan t i ty of wasteand G r o u n d w a l e r T a r g e t s were both in c luded in the c a l c u l a t i o n , the f inal MRS scorefor the S i t e was reduced f r o m 34.21 to a corrected score of 14.52. An i t e m i z e dc o m p a r i s o n o f the o r i g i n a l and revised MMI-HRS c a l c u l a t i o n s f o l l o w s theseCo*mments.
MMI recognized that i t was EPA's p o l i c y no t t o cons ider the s ta tus o f previousresponse or clean-up actions when scoring a potent ia l NPL site. See F e d . Reg. 31187(July 1 6 , 1 9 8 2 ) ; 48 F e d . Reg. 40664 S e p t e m b e r 8 ,1983). N e v e r t h e l e s s , MMI be l i evedthat the current s ta tu s of Site i n v e s t i g a t i o n and remedial ac t iv i ty was relevant onconsidering the re lat ive pr ior i ty or need for S u p e r f u n d a t t ent ion at a given site.
MM! r e s p e c t f u l l y s ubmi t t ed that t h e HRS score p r o p o s e d f o r t h e Si t e had beenbased on an overes t imate of the total quant i ty of waste and an erroneous a s sumpt ionregard ing tho u s e o f a f f e c t e d groundwat er . Corre c t i on o f e i ther error s i g n i f i c a n t l yreduced the overal l HRS score for the S i t e . W h e n both errors were corrected, therevised HRS c a l c u l a t i o n s reduced the overall score for the Site f r o m 34.21 to acorrected score of 14.52.

134



Cranmer and A s s o c i a t e s , I n c .

c

H R S C A L C U L A T I O N S
W a t e r G r o u n d w a t e rOriginal ERA Q u a l i t y T a r g e t s BothProposed Revised Revised Revisions

Line 1 - Observed Release

Line 4 - Was t e Charac t er i s t i c sT o x i c i t y / P e r s i s t e n c eH a z a r d o u s W a s t e Quant i ty

Line 5 - T a r g e t sG r o u n d w a t e r U s e ( X 3 )Distance to nearestw e l l / p o p u l a t i o n served

45

18
J26

9
•2Q29

45

18_220

9
.2Q29

45

18
-fi26

*

6
J j }16

45

18-220

6
J S16L

it
r?df

w e l l / p o p u l a t i o n served

Line 1 X Line 4 X Line 5
Divided by 57,330 0
Multiplied by 100
Divided by 1.73

•2Q29

33,930
.5916367
59.18367

34.2

.2229

26,100
0.455259

45.5259

26.32

J j }16

18,720
0.3265306

32.65306

18.87

AQ16

14,400
0.2511773

25.11773•
14.52

c

135



' 6 • Z \ - ' . ) 0



C A I S I T E F E A S I B I L I T Y S T U D Y



C r a n m e r and A s s o c i a t e s , Inc.E X E C U T I V E S U M M A R Y
1.0 INTRODUCTION1.1 Sit e Background I n f o r m a t i o n1.2 N a t u r e and Extent of Problem1.3 Objec t ive s of Remedial A c t i o n
2.0 DEVELOPMENT OF ALTERNATIVES2.1 P r e l i m i n a r y Remedial T e c h n o l o g i e s2.2 Synthe s i s of Alternat ive s
3.0 SCREENING OF ALTERNATIVES3.1 Technical Criteria3.2 Environmental and P u b l i c Health Cri ter ia
4 . 0 R E M E D I A L A C T I O N A L T E R N A T I V E S4.1 A l t e r n a t i v e 1 - No A c t i o n4.2 A l t e r n a t i v e 2 -.............4.N Alternat ive N -.............
5.0 ANALYSES OF MOST LIKELY REMEDIAL ACTION ALTERNATIVES5.1 N o n - C o s t Cri t er ia A n a l y s e s5.1.1 T e c h n i c a l A n a l y s i s5.1.2 Environmental A n a l y s t s6 . 1 . 3 P u b l i c H e a l t h A n a l y s i s5.1 .4 I n s t i t u t i o n a l A n a l y s i s5.2 Cost A n a l y s i s
6.0 SUMMARY OF ALTERNATIVES
7 . o R E C O M M E N D E D R E M E D I A L A C T I O N : C O N C E P T U A L D E S I G N
e .o REPORTOG REQUIREMENTS
R E F E R E N C E S
A P P E N D I C E S



C r a n m e r a n d A s s o c i a t e s , I n c .
E X E C U T I V E S U M M A R Y

t
L

T h e p u r p o s e o f t h e C A 1 F S ; i s t o d e f i n e t h e S i t e , i t s ba ckground , a n d i t s p r o b l e m s ;the f e a s i b l e r emed ia l action a l t e r n a t i v e s ; and to the recommend remedia l action andi t s advantage s over o ther p o t e n t i a l a l t e rna t iv e s . The body o f th e CAI-FS i s d iv ided intoC h a p t e r s .
T h e C A I F e a s i b i l i t y S t u d y ( F S ) i s a n e s s en t ia l c o m p o n e n t o f d e t e r m i n i n g t h ea p p r o p r i a t e remedial action to be i m p l e m e n t e d at the S i t e . The Rl combined with theCAI-FS a l l o w s t h e sy s t emat i c and l o g i c a l e v a l u a t i o n o f remedial a l t e r n a t i v e s ands u p p o r t s the eventual choice of the r e m e d i a t i o n al t ernat ive .
T h e C A I - R I a n d t h e C A I - F S a r e p e r f o r m e d c o n c u r r e n t l y . T h e C A I - R I p l a c e semphasi s on aata co l l e c t ion and site characterization, whi l e the CAI-FS emphas ize sevaluat ion of a l t e r n a t i v e s .
T h e C A I - F S o b j e c t i v e i s t o d e v e l o p a n d evaluate remedial action a l t e r n a t i v e s f o rthe c on ta inment a n d / o r c l e a n u p of the waste c o n s t i t u e n t s pre s en t at the Site . T h e s eevaluations f a c i l i t a t e the choice of the al t ernat ive which best meets the remediat ioncri teria. The CAI-FS has u t i l i z e d , t o th e maximum extent p o s s i b l e , th e data acquiredduring all previous inves t igat ions Other technical and a p p l i c a b l e l i t erature has been,and will continue to be u t i l i z e d , to d e v e l o p and screen a p p r o p r i a t e remedial actions.
A l t e r n a t i v e s have been e v a l u a t e d based on t e c h n o l o g i c a l , p u b l i c h e a l t h ,i n s t i t u t i o n a l , e n v i r o n m e n t a l , and cost f a c t o r s . Recommendat i on s f or f u r t h e r eva lua t i onof remedial al t ernat ive s will be made, if required.
D e s c r i p t i o n s of propo s ed responses have and w i l l continue to be d eve l opedu s ing S i t e - s p e c i f i c i n f o r m a t i o n f o r c h a r a c t e r i z a t i o n . A p p l i c a b l e t e c h n o l o g i e sc o r r e s p o n d i n g to the chosen re sponse act ions have been i d e n t i f i e d and evaluat ed .G e n e r a l r e spons e actions and as sociated t e c h n o l o g i e s which passed the ini t iale v a l u a t i o n were u t i l i z e d t o d e v e l o p a l t e r n a t i v e s c a p a b l e o f r e m e d i a t i n g th e Si t e .Alterna t iv e s meet ing S e l e c t i o n criteria received f u r t h e r evaluation. The CAI-FS will bepr e s en t ed to EPA and ADPC&E, a f t e r c l i en t acceptance and prior to d ev e l opmen t ofthe final document, as a p r e l i m i n a r y r e g u l a t o r y agency report.
C h a p t e r 1. I n t r o d u c t i o n : The introduction to the report characterizes the S i t eIn terms relevant to the analys i s of remedial action s trategies . The i n t r o d u c t i o n hasthree main t o p i C b : S i t e background i n f o r m a t i o n , the nature and extent ofcontamination prob l ems at the Site, and remedial action objec t ives .
C h a p t e r 2. D e v e l o p m e n t of A l t e r n a t i v e s : This section pre sent s the init ialmaster list of remedial action t e c h n o l o g i e s prepared at the start of the CAI-FS andb r i e f l y discusses their appl i ca t ions . Initial subject ive evaluation of t echnologie s Isp r i n t e d a l o n g with ( f o s u m e n t a t i o n of why given t e c h n o l o g i e s were not f u r t h e rd e v e l o p e d . T h e s e t e c h n o l o g i e s aro then combined into a p p l i c a b l e p r e l i m i n a r yremedial action a l t ernat ive s .
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C h a p t e r 3 . E v a l u a t i o n o f A l t e r n a t i v e s : T h i s s e c t i on summariz e s t h es e l ec t ed process used to identify the most a p p r o p r i a t e r emedia l action a l t e r n a t i v e s tou n d e r g o d e t a i l e d analy s i s . T h e f o l l o w i n g f o u r ca t egor i e s o f s e l e c t i o n cr i t e r ia a r ediscussed:

T e c h n i c a l c r i t er ia;
* E n v i r o n m e n t a l and p u b l i c h e a l t h cr i t er ia;
* Cost cri teria; and
* Other s i t e - r e l a t e d criteria.
T h e d i s cu s s i on e x p l a i n s t h e reasons f o r e l i m i n a t i n g a n y a l t e rna t iv e s .
C h a p t e r 4. Remedial A c t i o n A l t e r n a t i v e s : A summary of the remedialact ion a l t e r n a t i v e s i d e n t i f i e d as p r o m i s i n g d u r i n g the i n i t i a l e v a l u a t i o n i s p r e s en t ed inthi s section. Spec i f i c e l e m e n t s di scus sed should include:
* Intent of the a l t e rna t iv e (i.e., source control vs. m i t i g a t i o n of m i g r a t i o n ) ;
* Key f e a t u r e s of the a l t e r n a t i v e ;

C o n t r o l , s torage , t r e a t m e n t , a n d / o r d i s p o s a l r equirement s;
* P h a s i n g of work;

S p e c i a l considerations;
* Operat ion, maintenance, and monitoring requirements (short and long term);and

S t r e n g t h s / s h o r t c o m i n g s of the alternative.
C h a p t e r 5. A n a l y s e s o f Remedial act ion A l t e r n a t i v e s : The de ta i l edanalyse s of the a l t e r n a t i v e s pre s en t ed in the p r e c e d i n g section are di scus sed here.The major i ty of the analyse s (i.e., s u p p o r t ca l cu la t ions , raw data , etc.) are pre sented asa p p e n d i c e s to the CAI-FS report. This section present s an overview of these analyse sand is d i v i d e d in to two sub s e c t i ons: non-cost c r i t e r ia a n a l y s e s ( t e c h n i c a l ,environmental, pub l i c hea l th , and in s t i tu t i ona l analyses) and cost analysis.
C h a p t e r 6. Summary of A l t e r n a t i v e s : T h i s section of the CAI-FS reportsummarizes the remedial a l t e rna t iv e s and pre s ent s the results of the analyses. Theal t ernat ive s are compared, with s ta t ement s of advantages and d i sadvantage s . Adecision matrix i s presented and' the recommended al t ernat ive i d e n t i f i e d .

C h a p t e r 7. Recommended Remedial A c t i o n ; C o n c e p t u a l Des ign;The conclusion section draws upon the summary to describe any f e a t u r e s which could
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e f f e c t ( p o s i t i v e or n e g a t i v e ) the r e m e d i a t i o n o f the Site . A recommendat ion for a s i n g l esrte s p e c i f i c a l t e r n a t i v e has been made. This recommendat ion has bean made on thea l t e r n a t i v e ' s s u p e r i o r i t y to be cost e f f e c t i v e , e n v i r o n m e n t a l l y s ound, and minimize shortand l o n g term risks.

C h a p t e r 8. R e p o r t s :t
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I N T R O D U C T I O N

1 . S i t e B a c k g r o u n d I n f o r m a t i o n
C h a p t e r 1.1 d e f i n e d condi t ions at the S i t e and to d eve l oped requirements for the'r emed ia l ac t ion a l t e r n a t i v e s . T h i s i n f o r m a t i o n f o r m e d t h e f o u n d a t i o n f r o m whichsubsequent tasks were d e f i n e d .
Site background i n f o r m a t i o n and site characteris t ic s have been obtained f r o m thei n i t i a l s c o p i n g task of the CAl-Ri and will be u p d a t e d as warranted w i th n e w l ydeveloped data. T h i s in format ion provides a comprehensive overview of the site endi d e n t i f i e s the wastes, t h e i r character i s t i c s and actual and p o t e n t i a f expo sure a n d / o rmigrat ion pa thways .

1.1 G e o g r a p h i c L o c a t i o n
The S i t e occupies part of S e c t i o n 27, T21N 421W located on the Omaha,A r k a n s a s - M i s s o u r i Quadrant Map west o f U.S. H i g h w a y 65, o n e - h a l f mile southwest o fthe city of Omaha, Boone C o u n t y , Arkansas. The Site is located at the head of a v a l l e ywest of U . S . H i g h w a y 65, as shown in F i g u r e 1.a.1. The Site covers a total of 15 - 20acres that were used for t r e a t i n g wood with PCP and creosote and storage of treatedposts. The t o t a l c ont iguous acreage of the Site owned by Mary Bank was 83 acres. Abranch line of the Missouri P a c i f i c Railroad (MPR) tracks are adjacent to the northernedge of the Site, To the south and west the Site is bounded by the unpaved CricketRoad. An aerial p h o t o g r a p h o f the Site in opera t i on by Mass Merchaniser s , Inc. (MMI)in F e b r u a r y , 1984, is shown in F i g u r e 1«a.2. The acreage was d e v e l o p e d in the early1900's when the Mis sour i P a c i f i c Railroad (MPR) excavated to a d e p t h of 40 to 50 f e e tbelow natural grade to obtain f i l l dirt f or the construct ion o f railroad embankments.
The Si t e e l e v a t i o n f a l l s f r o m south-east t o north-west a l o n g a smooth sur fac ewhich r e s u l t e d when th e MPR removed th e t o p s o i l and a f t e r o w n e r / t e n n a n timprovement s . The Si t e f a l l s a p p r o x i m a t e l y 100 f e e t in e l eva t i on f r o m south-east t onorth-west. The Site s u r f a c e has been channeled and l i t t l e water f l o w s f r o m south tonorth, a l t h o u g h t h i s would have been the case prior to excavation. Excavationresul ted in e x p o s i n g the porous and oc ca s i onal ly cavernous u n d e r l y i n g l ime s t one to• s u r f a c e wate- e n t r a p m e n t . Severa l s inkho l e s are evident on the Si t e . Numerou saqu i f e r channels exist i m m e d i a t e l y below the Site . A d e e p cased well with the wellp u m p set at 920 f e e t is located on the south-west side of the northern end of the Sit e .
A steep bluff a p p r o x i m a t e l y 50* high exists on the lower one hal f of the northeastern boundary of the Site. A d i s p o s a l area (pit) on the north-eastern boundary ofthe Site and next to the railroad tracks was covered with fill dirt in 1986.
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M a n a g e m e n t P r a c t i c e s / S i t e U s e / S i t e M o d i f i c a t i o n

tr

T e c h n i q u e s o f T r e a t m e n t
The f o l l o w i n g d i s cu s s i on i s o f f e r e d as an e x p l a n a t i o n of the proce s se s u t i l i z e d bythe wood tr ea t ing indus try in general and Arkwood, Inc. (Al) and MMI in spe c i f i c s . Thed i s cu s s i on i s r e l evant t o Sit e prac t i c e s t h r o u g h 1964 when MM! d i s c o n t i n u e doperat ions .
W o o d pre s erva t ive s used at the Site were o i l-bas ed mix ture s of e i t h e rp e n t a c h l o r o p h e n o l or creosote. T h e s e mixtures were used to treat wood for thep r e v e n t i o n of decay and d e t e r i o r a t i o n which occurs as a result of weather, soilc ond i t i on s , or the i n f e s t a t i o n by organisms such as insects and f u n g i .
Creo so t e was not new when Al began o p e r a t i n g the Site. Creo so t e had comein to u s e f or wood t r e a t m e n t in 1839 wi th th e d e v e l o p m e n t o f th e B e t h e l ! fu l l c e l lpres sure t r ea tmen t (FCT) process. L u m b e r or po s t s are enclosed in a c y l i n d e r ands u b j e c t e d to an initial vacuum to remove air and water f r o m the wood c e l l s . This s t e pwas f o l l o w e d by i n j e c t i n g creosote into the wood under pres sures varying f r o m 125-200 p o u n d s per square inch (PSI) at t e m p e r a t u r e s of 180-21OT. T r e a t m e n t cont inuedu n t i l the wood was saturated wi th creosote or PCP. Pressure was then re l ea s ed , thec y l i n d e r dra in ed , and the wood removed.
T r e a t m e n t proce s s e s relevant to the Site (the Lowry and the R e u p i n g ) wered e v e l o p e d in the early years of the 20th century. T h e s e processes are re f erred to ase m p t y c e l l t r e a t m e n t s (ECT) in which th e excess pre s ervat ive Is removed f r o m th ewood c e l l s when a final vacuum phase was added to the proces s , l eav ing the woodc e l l s coated rather than f i l l e d with t r ea tment s o l u t i o n . T h e E C T proces s w a s p o p u l a rbecause le s s pre s ervat ive was used and the cost of ch emica l s was s i g n i f i c a n t l yreduced.

In the Lowry Process, the preservative p ene tra t ed into the wood due to the h ighpres sure and t e m p e r a t u r e of the treatment cy l inder . The air n a t u r a l l y pre s ent in thewood was compressed during the prossurization process. The treatment process wasc o m p l e t e d when the pressure was released and the c y l i n d e r drained. The excesspreservat ive was f o r c e d out of the wood c e l l s by expans ion of the compressed air.The onty major variation in the R a u p i n g Process was an init ial a p p l i c a t i o n of pressurein the range of 25-75 psi prior to f l o o d i n g the c y l i n d e r with creosote or PCP.
S o l u t i o n s of creosote and crude coal tar or p e t r o l e u m o i l s were e f f e c t i v e and les sco s t ly for wood treat ing. As a re su l t , creosote pres sure a p p l i c a t i o n s by the e m p t y cellmethod had p r e d o m i n a t e d in the railroad indu s t ry since the 1920's. a 1:1 mixture ofcreosote and oil was used at the Site.
P e n t a c h l o r o p h e r t o ! (PCP) was available for use as a bulk v/ood preservative In1947, however, Its use at the Site began in a p p r o x i m a t e l y 1968. PCP was a p p l i e d inheavy to light p e t r o l e u m carriers or so lvents by pressure methods s imilar to those usedfor creosote treament. A 5% PCP s o l u t i o n was used at the Site .
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PCP and creosote were commonly used to treat utility p o l e s , lumber, po s t s andnumerous o ther wood p r o d u c t s . Few if any railroad t ies were treated with PCPbecause it imparted br i t t l ene s s to the wood causing excessive wear and s p l i t t i n g f r omthe r epea t ed compre s s ion and expans i on .
In 1981,98% of wood tr ea t ed commerc ia l ly in the Uni t ed Sta t e s was done so withthe pr e s sur e process. Both Al and MMl e x c l u s i v e l y used the pres sure process.Pressure treatment at the S i t e with PCP or creosote was conducted with the sameequipment and techniques. The wood to be treated was loaded onto a tram. The tramwas then pu sh ed into the cy l inder . The c y l i n d e r was sealed via a pre s sure- t ight doorand the treatment cycle was initiated. The total l e n g t h of time for treatment varied withthe s p e c i f i c t y p e of wood pre servat ive s o l u t i o n , proces s , end-point product use, andother f a c t o r s such as wood moisture contan*. At the end of the cycle the t r ea t ingsolution was pumped to storage tanks for later re-use, the door was opened, and thetrea t ed material on the tram was p u l l e d f r o m the c y l i n d e r . The trun was moved to at r a n s f e r point and the wood was o f f - l o a d e d and stacked for storage and/or sh ipment .T h e l e n g t h o f t ime between w i t h d r a w a l f r o m t h e c y l i n d e r a n d o f f - l o a d i n g cou ld v f l . yf r o m a few minute s to a day or more.
Wood p r o d u c t s u t i l i z e d a t the Site for the pressure processes o f t e n underwentsome f o r m of p r e t r e a t m e n t to reduce moisture to a p r e d e t e r m i n e d p e r c e n t a g e ofresidue. Pretrea tment improved the service life of the preservative chemicals andp e r m i t t e d the wood to accept the treatment s o l u t i o n s in s u f f i c i e n t concentration to meetper formance sp e c i f i ca t i on s . M e t h o d s of pretreatment available at the Site inc luded aird r y i n g or steam and vacuum t r e a t m e n t . S t e a m c o n d i t i o n i n g was f o l l o w e d by avacuum to remove the excess moisture. The process was commonly used forp r e t r e a t i n g southern pine during either the creosote or PCP oilborne preservativesystems.
The full eel! treatment process was only used when maximum preservativer e t en t i on Is required. The e m p t y cel l process controled with reasonable accuracy thequant i ty of preservative retained in the wood and provides a good p e n e t r a t i o n d e p t hwith a cleaner surface.
The amount of wood inside the Site treat ing cylinder was calculated in cubic f e«at .T r e a t m e n t of f a n e s po s t s n o r m a l l y mst recommendat ions by the American WoodPreserver's A s s o c i a t i o n (AWPA). Tho usual target was to retain 6 p o u n d s of woodtreating mixture for each cubic f oo t of wood treated. The s p e c i f i c gravity of the woodt r ea t ing mixture is 7.7 to 7.8 pound s per ga l l on . T h e r e f o r e , for each cubic f oo t of woodin the t r e a t i n g c y l i n d e r , the wood must retain about 0.6 g a l l o n s of wood trea t ingmixture.
An operat ional e x p e c t a t i o n at the Site was that the wood would retain the targetamount of preservatives when 2 1/2 times the amount of treating mixture taken up bythe wood was introduced under pressure into the treatment cylinder. After maximumpenetration of the treatment chemicals Into the wood was obtained, the p / e s s u r ecy l inder was drained of preservative and the cy l inder was put under a vacuum to drawany excess trea tment mixture out of the wood c e l l s (ECT). For e x a m p l e , treatmentcylindsr was evacuated to 25 inches of mercury for a period of 45 minutes to one hour.
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P

O p e r a t i o n s R e s u l t i n g I n C o n t a m i n a t i o n wi th P C P a n d Creo s o t e
W h e n the treated wood was removed f r o m the pressure c y l i n d e r and t r a n s p o r t e dto the yard for storage or sh ipment , it d r i p p e d . This was e s p e c i a l l y true in hot weather"when maximum t r e a t m e n t ( F C T ) h a d been e f f e c t e d , f o r e x a m p l e t o meet F e d e r a ls p e c i f i c a t i o n s . This d r i p p i n g and expo sure to dust and rain would be e xp e c t ed by CAIto result in genera! contamination of the area. Process related contaminat ion wouldbe e x p e c t e d to be h ighe s t in the T r o l l e y / T r e a t m e n t Area
The t r e a t m e n t room contained a recessed work area around the t r ea tmen tcy l inder . The recessed area drained into a sump. The sump contained waste f r o m thetreatment cy l inder , s l u d g e drained f r o m the recessed work area, and water f r o ml e a k i n g p ip e s . The wastes were p u m p e d f r o m the s u m p into the top o f a s epara t i ontank east of the treatment room, se« F i g u r e 1 .b. 1.
The t r e a t m e n t room was washed down p e r i o d i c a l l y to remove any oil film orresidue on the f l o o r . T h i s wash water drained into the sump from which It was p u m p e dinto a wastewater h o l d i n g tank. W h e n full , the h o l d i n g tank was set on a forklif t ortra i l e r and e m p t i e d as the tank was driven around the yard. Dust control was a sourceof general contamination and the most l i k e l y source of contamination in the wood chipp i l e . Dust control wi th process waste was d i s c on t inued by MM! in 1982 at the d irec t ionOf MCE and A D P C & E .
W a s t e oi l f r o m c l e a n - u p o p e r a t i o n s in the t r e a t m e n t area was p e r i o d i c a l l ydepo s i t ed in a "Sinkhole" located near the treat ing cylinder room. Disposal in theS i n k h o l e was d i s c o n t i n u e d when the wai l s c o l l a p s e d and It would no l o n g e r receivemater ia l . The S i n k h o l e was concreted over in 1982 at the d i r e c t i on of MCE andA D P C & E .
C o n t a m i n a t i o n also occurred in non-treatment areas. Oil s l u d g e was d u m p e dInto a "Railroad Ditch Pit" l ocated in the raiiroad r i g h t - o f - w a y north of the treatmentc y l i n d e r and t r e a t i n g room. P e r i o d i c a l l y the o i ly s l u d g e in the d i t c h would be burned.Other areas included the "Ash Pile" (ashes f r om a wood-fired boiler located in thetreatment room), the t r o l l e y tracks l e a d i n g away f r o m the treatment cy l inder and in yardareas used to store treated wood produc t s . See 1.d. for a d d i t i o n a l de tai l s .
S t e a m condensate was contaminated with PCP and di s charged by p i p e over theside of the embankment and into the railroad d i t ch . S l u d g e was c o l l e c t ed andd e p o s i t e d in various areas i n c l u d i n g s inkho l e s on the south east end of the S i t e .

1.3 C h r o n o l o g y o? Events at Arkwood Plant , Omaha, Arkansas.
Eariy 1 9 0 0 ' s

Site was d e v e l o p e d as an open pit mine for raiiroad ballast toconstruct ra i l b ed s for the Missouri Pac i f i c Railroad.
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F e b r u a r y 22 Hall ie C. Ormond acquires the land f r o m the railroad that w i l leventually become the S i t e .
1 9 6 2

H.C. Ormond constructs treat ing p lant on-Site. C.C. "Bud" Grishamsupervises operations of the trea t ing f a c i l i t y on the Site as C.C. andMary Jo G r i s h a m , d / b / a as Arkwood Treatment Company.
1965
J u n e 16

1967 or 1968

1969-1970

1970
1972

1973

March 29
1974
August 13
1980

A r k w o o d , I n c . ( A l ) i n c o r p o r a t e d t o o p e r a t e t h e S i t e . I n i t i a ls h a r e h o l d e r s i n c l u d e : H a l l i e C . Ormond, C.C. G r i s h a m , Mary J oGrisham, and Ina Ann Farmer.

PCP use begins.
Piping used to t r a n s f e r bo i l er b lowdown waste.
Bob Sarker as Plant Manager.
MMI f u n d s e x p a n s i o n of Al and encourages purchase of Rosse TieCompany.
Bob Barker becomes General Manager. Devoe G r e g o r y becomesP l a n t Manager.

J a n u a r y 11 Hallie C. and J e a n Ormond lease Ithe Site to Mounta in Ent e rpr i s e s ,1 Inc. (ME!), a wholly-owned subsidiary of Mass Merchandisers , Inc.(MMI) for twelve years. MMI assumes operation of the treatmentf a c i l i t y .
Al conveys all corporate assets to ME! In exchange fcr MMI stock.

Al is dissolved by MMI.



i

May 1
1981
Jan - Feb
May 19

October 6
October 22

Dec. 16
1982
Winter
J a n u a r y 25
Feb 11
April 14.15
May 26i
J u n e 3
J u n e 29
July 26
July 26

Cranmer and Asso c ia t e s , Inc.
M i s s o u r i - P a c i f i c (MP) train derai lment near the east end of railroadtunne l .

MP railroad i n i t i a t e s new cons truct ion on railroad t u n n e l , i n c l u d i n gblas t ing.
Arkansas Depar tmen t o f P o l l u t i o n Control and E c o l o g y (ADPC&E)field inspec tor and Boone County Sanitarian conduct inspec t ion ofthe MMI opera t i on at the Site (As a result of a c omp la in t received ofcontamination inside the railroad tunnel).
ADPC&E c o l l e c t s s ed iment and s u r f a c e water s a m p l e s a t the o i t e ,inc luding sample s f rom railway tunnel in Walnut Creek,
M e e t i n g wa s he ld between ADPC&E, MMI - Wood Produc t s Divi s i on,a n d M c C l e l l a n d C o n s u l t i n g Engineers ( M C E ) ( M M I ' s consu l tant s) t odi scus s p r o b l e m s a t the Sit e . ADPC&E requests s a m p l i n g ands u r f a c e h ou s ek e ep ing .
MMI submits A Si t e Correct ion S c h e d u l e t o ADPC&E.

MPR concludes railroad tunnel construction.
I n s p e c t i o n of the Site by D. H u g h e s and M. Bates f r o m the ADPC&E.
MCE obtains soil p e r m e a b i l i t y tests.
MCE conducts soi l , surface and ground-water s a m p l i n g to determinethe extent of the contamination.
MCE updat e s ADPC&E on Site Activities. Production at MMI Site isdown by 50%.
MMI asks the ADPC&E to withdraw Pan A of the RCRA permita p p l i c a t i o n f o r t h e S i t e .
MCE conducts soil, surface and ground-water sampl ing to determinethe ex tent of the contamination.
Tom Millard, an I n d e p e n d e n t consultant spec ial iz ing in naturalresource inventories , prepares a report on the g e o l o g y cf the Site.
MCE co l l e c t ed water samples for p e n t a c h l o r o p h e n o l (PCP) analysis.
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A u g u s t 23 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analysi s o fPCP.
October 9 MCE c o l l e c t e d s u r f a c e and ground-wa t e r s a m p l e s f or ana ly s i s o fPCP.
October 30 MCE c o l l e c t e d s u r f a c e and ground-wat er s a m p l e s for a n a l y s i s o fPCP. ••December 14 MCE co l l e c t ed sur fa c e and ground-water sample s for analysi s ofP C P .
1983
January 15 MCE colleced surface and ground-water samples for analysis of PCP.
J a n u a r y 31 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for ana ly s i s o fPCP.
February 23 MCE co l l e c t ed surface and ground-water sample s for analysis ofPCP.
April 1 MCE col lec ted surface and ground-water sample s for analysis ofPCP.
May 3 MCE c o l l e c t e d s u r f a c e and ground-wat er s a m p l e s f or ana ly s i s o fPCP.
May 27 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analys i s o fPCP.
J u n e 28 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analys i s o fPCP. •
August 1 S a m p l e s taken.
S e p t e m b e r 7 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analys i s o fPCP.
S e p t e m b e r 30 MCE col l ec t ed surface and ground-water sample s for analysis ofPCP.
October 31 MCE c o l l e c t e d sur fac e and ground-water sampl e s for analys i s ofPCP.
N o v e m b e r 30 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analys i s ofPCP.
1984

11
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J a n u a r y 6
February 3

F e b r u a r y 20
F e b r u a r y 28
March 5

March 12
March 23
May 11
J u n e 1
J u n e 14
A u g u s t 24
F a l l
October 7

<
December 7-
1985
January 11
April 14-17

April 29

MCE c o l l e c t e d s u r f a c e and ground-wat er s a m p l e s f o r analy s i s o fPOP.
MCE co l l e c t ed surface and ground-water s a m p l e s for ana ly s i s o fP C P .
MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f o r a n a l y s i s o fPCP.
MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f or a n a l y s i s o fPCP.
M e e t i n g he ld between MMI (Erwin, Conner, and Barker) and BobBehrens (whose wel l water was c on tamina t ed by P C P } , where thesubject of MMI buying his land was discussed.
MMI tenders an offer to purchase farm from Bob Behrens.
MCE co l l e c t ed sur face and ground-water samples for analysis of PCP.
MCE col l ec t ed surface and ground-water sample s for analysis ofPCP.
MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f o r a n a l y s t s o fPCP.
MMI ceases wood treatment operations.
MCE c o l l e c t s one water s a m p l e for analysi s of PCP content.
MMI s e l l s and removes r emaining inventory of t r ea t ed wood andtr ea t ing m a t e r i a l s f r o m th e Si t e .
M C E c o l l e c t a d d i t i o n a l s u r f a c e a n d ground-wat er s a m p l e s f o ranalys i s of PCP content.

19 MCE c o l l e c t e d sur fa c e and ground-water s a m p l e s for analys i s ofPCP.

Twelve-year lease to MMI from Halite C. and Jean Crmond expires.
Geraghty & Miller, Inc. (GMI) collects water samples from springs andwe l l s , and p e r f o r m s i n i t i a l soils boring program.
C.Ft, barker f i l ed a C e r t i f i c a t e o f E x e m p t i o n and stated that the Sitewas complying with 40 CFR 261.5.

:v
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J u n e 4 - 5 G M 1 , I T C o r p o r a t i o n ( I T ) , M c K e s s o n Environmenta l Servi c e s ( M E S )c o l l e c t water s a m p l e s f r o m w e l l s and s p r i n g s , soil s a m p l e s , ands a m p l e s o f s l u d g e f o r waste c h a r a c t e r i z a t i o n ! p r e l i m i n a r yh y d r o g e o l o g i c i n v e s t i g a t i o n .
S e p t e m b e r 1 8 T h e S i t e I s p r o p o s e d f o r a d d i t i o n t o t h e N a t i o n a l Prior i t i e s List i nEPA's U p d a t e No. 4 , p u b l i s h e d in 50 F e d e r a l R e g i s t e r 37950 (dat e o fp u b l i c a t i o n S e p t e m b e r 18, 1985), (based on a H a z a r d o u s RankingS y s t e m score of 34.21).
S e p t e m b e r
1986
May 15

A mee t ing was held between MMI, MES and the ADPC&E to presents ta tu s of s i te i n v e s t i g a t i o n and present remedial action p l a n s .

M M I a n d Region V I E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) s ignA d m i n i s t r a t i v e Order o n Cons en t f o r R e m e d i a l I n v e s t i g a t i o n /F e a s i b i l i t y S t u d y ( R I / F S ) f o r t h e S i t e .

I

13



Cronmer and Assoc iate s , Inc.
1 . 4 F a c i l i t y D e s c r i p t i o n / C o n t a i n m e n t S y s t e m s

The current Site improvements include no intact b u i l d i n g s , several f o u n d a t i o n sone shed s t ruc ture , one d e e p w e l l , a f e n c e wi th g a t e , underground p i p e s and powerp o l e s . Severa l smalt areas show surface tar and di s carded s teel band scraps aref o u n d on the embankment overlooking the railroad. A sawdust p i l e is located in themost s ou th ea s t e rn e x t r e m i t y of the excavated area. A q u a n t i t y of t ires and re s iduea f t e r burning ( s t e e l b e l t s ) are located on the southeast ex tr emi ty of the Site.
D e t a i l e d i n s i g h t into the Site c ond i t i on in 1981 is provided by the s tudy of reportsof A D P C & E . R. David Orr of ADPC&E arrived at the S i t e on J u n e 19, 1981accompanied by Mike Y o u n g b l o o d , Boone County Sani tar ian, of the ArkansasD e p a r t m e n t o f Heal th. T h e y met Mr. Roy Horn o f MMI and i n f o r m e d Mr. Horn o f thec o m p l a i n t that had been received concerning bad looking water coming f r o m a spr inginside a railroad tunnel adjacent to the S i t e . Mr's Orr and Y o u n g b l o o d asked for abrie f tour of the Site.
The treatment process at the Site was observed by ADPC&E to involve steampressure treatment of wood post s with pentach lorophenol and creosote on a four-daycycle. After t r e a t m e n t , the wood p o s t s were p i l e d in smal l g r o u p s to cure. Mr.' s Orrand Y o u n g b l o o d observed no Means of containment of excess wood treatmentchemicals below the p i l e s of wood posts. Several poo l s of blackish water wererepor t ed as observed on the Site and ad ja c en t to the Site a l o n g a railroad r i g h t - o f -way.
After the tour of the treatment process, Mr.'s Orr and Y o u n g b l o o d drove a l ong therailroad tracks to a t unne l where a repair crew was r epa ir ing tracks and were met byMr. Gary Benham, MPC Motor Car Operator. I n s i d e the t u n n e l , Orr and Y o u n g b l o o dreported observing a spring f l o w i n g f r o m the north side which discharged throughmetal p i p e s . T h e water a p p e a r e d clear. F u r t h e r f n s i d o t h e t u n n e l , another s p r i n gf l o w e d about 30 f e e t above the tracks. The water appeared somewhat clear but f u r t h e rdown the di t ch, it f ormed an oil film on the surface and stained the walls and dirtsurfaces. On the east side of the t u n n e l , more oil film was observed which c o l l e c t ed inpool s . The drainage f l o w e d o f f th e railroad track r igh t -o f -way Into a large poo l o f waterwith a thick brownish oil film on top. F u r t h e r study showed that this drainage f l owedinto Barren Creek.
S a m p l e s were taken by Orr on the east side of the tunnel ( s a m p l e #1), inside thetunnel at the west end below westside spring on the south side (sample #2) and at thes p r i n g on the north s ide of the tunnel ( s a m p l e #3). The f o l l o w i n g are the re sul t s ofanalysis o f these s a m p l e s f or p e n t a c h l o r o p h e n o l :
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S a m p l e # Log #
Cranmer and A s s o c i a t e s , Inc.

D e s c r i p t i o n P e n t a c h l o r o p h e n o l
1
2
3

24503
24504
24505

East S i d e o f T u n n e l
Inside T u n n e l a t W e s t e n d
N o r t h S i d e S p r i n g

8.5S mg/l
2.1 mg/l

not detected
MM! had n o t i f i e d ADPC&E that the S i t e , under RCRA, was a generator ofhazardous waste. Mike Bates of ADPC&E vi s i t ed the site on October 5 and 6, 1981,for the p u r p o s e of c onduc t ing an i n t e r i m RCRA statu s s tandard s i n s p e c t i o n and tof o l l o w - u p the in i t ia l complaint and visit by Mr.'s Orr and Y o u n g b l o o d of J u n e , 19th.Bob Barker and Devoe G r e g o r y o f MMI Wood P r o d u c t s G r o u p s u p p l i e d backgroundi n f o r m a t i o n for the Site visit dur ing a m e e t i n g with Mike Bates on October 6 ,1981.

Mr. Mike Bates r epor t ed that according to Mr. Barker and Mr. Devoe of MM!, wastef r o m the wood t r e a t i n g o p e r a t i o n had been p l a c e d into the S i n k h o l e at the Site f r o mthe beginning of the operation unti l around 1970. The S i n k h o l e was then covered byboarding the entrance and covering it with a layer of dirt. The entrance was f l u s h withthe ground sur fa c e as of Mr. Bates' visit on October 6 , 1 9 8 1 . As of October 6, 1981,process waste resulted f r o m the *ash down of the treatment room f l o o r and residuesf r o m c l e a n i n g of the t r ea tmen t c y l i n d e r between the use o f p e n t a c h l o r o p h e n o l andcreosote. T h e s e wastes were accumulated in a tank and then sprayed over thestorage yard for dust control. Mr. Barker e s t imated that MMI generated a p p r o x i m a t e l y500 g a l l o n s / y e a r of these wastes. S t e a m was also used in the treatment proces s , thesteam was said to be reused in the process. Some of the steam was b led off todischarge behind the of f ice b u i l d i n g ad jac en t to the Missouri P a c i f i c railroad tracks.
Mr. Bates r epor t ed that the Site could have been c l a s s i f i e d as a Small Quant i tyGenerator under RCRA, according to the g enera t i on amounts f u r n i s h e d by Mr. Barker,i f MMI had d i s p o s e d of th e ir waste p r o p e r l y . As of October 5 , 1 9 8 1 , Mr. Bates reportedthat MMI was d i s p o s i n g of waste i m p r o p e r l y at the Site by s pr ead ing the material fordust control and by d u m p i n g ft in several p lac e s at the nor theas t ern end of t h e i rp r o p e r t y near H i g h w a y 65. The f r e q u e n c y of these "dumpings" were a p p r o x i m a t e l yevery three weeks according to a Roy H o r n , treatment plant manager. The areaaround the trea tment p l a n t was saturated with the treatment chemicals. T h e r e werep o o l s of o i l y material around the treatment cy l inder and the storage tanks. The tankswere not diked (with the exception of the raw pentachlorophenol storage tank) nor wasthere any t y p e of containment to prevent the washing of the o i l y substances off-Siteduring rains. The s torage yard where the treated wood produc t s were taken to "cure"was saturated In many areas with what appeared to be the treatment chemicalsl ea ch ing f r o m the wood product s . Mr. Horn ind i ca t ed to Mr. Bates that thi s saturatedsoil was scooped out p e r i o d i c a l l y and p l i e d up along the entrance road when thestorage areas got too mushy to operate the machinery.
Mr. Bates reported that s igns of the steam b l e e d - o f f d i s charge mentionedprevious ly existed on the s l op e behind the o f f i c e bu i l d ing . The s lope below the

•rv
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C r a n m e r and A s s o c i a t e s , I n c .
di s charge p i p e s was oil s t a i n e d ; at the base of the s ta ined area there was animpoundment which contained a black oi ly looking liquid. Mr. Horn had said to Mr.Bates that n o t h i n g had been d i s c h a r g e d t h r o u g h the p i p e s e x c ep t steam and thatnothing had been put in the i m p o u n d m e n t for years. The impoundmen t was,a p p r o x i m a t e l y 1 5 ' X 4 0 ' , d e p t h unknown. T h e r e w a s a p p r o x i m a t e l y 2 ' o f f r e e b o a r d "with no evidence of o v e r t o p p i n g . The i m p o u n d m e n t was l o ca t ed a d j a c e n t to theMissouri P a c i f i c railroad a p p r o x i m a t e l y 400' northwest of the railroad tunnelmentioned in the i n i t i a l c o m p l a i n t .

At the t i ru e of Mr. Bates' v i s i t , the rai lroad t u n n e l was s i t u a t e d in anor thwe s t / s ou th ea s t l ine and is a p p r o x i m a t e l y 1/2 - 3/4 of a mile in l e n g t h . T h e r e hadbeen a construction crew working on the northwest entrance of the tunnel to widen it.T h e i r work had r e p o r t e d l y involved a c on s id erab l e amount of b l a s t i n g . Gary Benhamwith the construction crew accompanied Mike Bates into the tunnel on October 5,1981. T h e r e were three s p r i n g s in s ide the t u n n e l ; the f i r s t o f which ( a p p r o a c h i n g f r o mthe nor thwe s t) was located about h a l f w a y t h r o u g h the tunne l on the northern side. Theother two were located in the southeast one third of th« tunne l , d i s charging f r o m thesouth side o f th e t u n n e l . The f i r s t two s p r i n g s d i s charged t h r o u g h p i p e s i m b e d d e d inthe tunnel wall a p p r o x i m a t e l y 20-30' above the tracks. The southeastern most spr ingbroke out near the r o o f . Mr. Benham s ta t ed that the crew c o m p l a i n e d that the sprayfrom the s p r i n g s burned their eyes.
The water in the d i t c h e s a.ong the tracks was brown in color and had a darkbrown to black film on the surface. The tunnel wal l s and sides of the ditches were oils ta ined. Both d i t c h e s showed s ign s o f c o n t a m i n a t i o n , however, ths southern d i t c happear ed to be more heav i ly contaminated.
The southern d i t c h f l o w e d s o u t h e a s t e r l y f r o m the tunne l f or about 1000' b e f o r e i td r o p p e d off into a depre s s ion formed by the po in t s of two ridges inter sec t ing therailroad. The trees growing in the bot tom of th i s d epr e s s i on had oil stains on them upto 12" above the present level of the water (with oil film). This d epre s s i on was thereceiving point of three drainage patterns. Mike Bates did not observe a drainagepoint under the railroad. This d epr e s s i on could p o s s i b l y have been a s inkhole . MarkWith er spo cn of ADPC&E agreed with Mike Bates about the p o s s i b i l i t y of a sinkhole butindicated that a closer s tudy would be needed to c o n f i r m it.i The northern d i t c h also f l o w e d in a s ou th ea s t e r ly direct ion for about 1000* b e f or eturning north and d r o p p i n g s h a r p l y to intersect W a l n u t Creek on the eastern side of therailroad. The tunnel springs appeared to be s u p p l y i n g most of the water in WalnutCreek as of October 5 , 1 9 8 1 . The creek bed was dry a p p r o x i m a t e l y 600* downstreamfrom the point where the tunnel spr ing water intersected with the creek. The rocks inthe dry bed of W a l n u t Creek were t i n t e d brown whereas the rocks of an in t er s e c t ing. I n t e r m i t t e n t l y wet stream f r o m the northeast (dry a l s o ) were not. T h i s could have beenan indication of the past f l o w of contaminants down Walnut Creek.
Mr. Bates determined that there were a p p r o x i m a t e l y 14 homes which usedi n d i v i d u a l we l l s as d r i n k i n g water wi th in a mile radius of the S i t e , as suming that aii ofth9 residences w i t h i n tho ci ty l i m i t s of Omaha were on city water and d i s c o u n t i n g thehomes along H i g h w a y 65 which should also have been on city water.
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T h e Omaha c i ty water s u p p l y i s a we l l l o c a t e d I n t h e N E 1 / 4 , N E 1 / 4 S e c .27T2 i NR21W, I n s i d e the ci ty l i m i t s near the Post O f f i c e . This wel l i s a l so w i th in onemil© of the S i t e , the total d e p t h of the well is 1315* with a casing d e p t h of 60'. A wellwater sample was taken f r o m the S i t e . The d e p t h of the S i t e well was u n k n o w n , 'however, Mr. H o r n stated that the p u m p (submergable) was set at 920'.
A D P C & E received another complaint f r om a representative of the railroad whocharged that the Site was r e l e a s i n g l iqu id wood preservatives out of a h o l d i n g areaand that the material was g e t t i n g into a railroad tunnel . The compla in t also s ta t ed thatraJIroad p er s onne l were g e t t i n g sick f r o m the f u m e s in the tunnel . This c o m p l a i n t wasconsidered by Mike Bates to have some val id i ty . Mr. Bates believed that wood t r e a t i n gchemicals were In fac t g e t t i n g into the t unne l , however, as stated eati ier, Mike Batesdid not observe any discharge or evidence of the o v e r t o p p i n g of the dikes of t***»impoundment below the S i t e . The railroad personnel may have been ge t t ing sick f r omfume s inside tho t u n n e l , but Mike Bates thought that the f u m e s most l i k e l y came fromthe train engine exhaus t , e s p e c i a l l y since the trains had to trav&l at a slow speedthrough the tunne l ( c o m p l a i n t reported 10 mph).
Mike Bates considered the Site as opera t ed by MMI in 1981 to be a serious threatto the groundwater and s u r f a c e water qua l i ty in the area. The repre s enta t ive s of MM!were said fo have voiced their w i l l ingne s s to cooperate and do what was necessary,within their means, to a l l ev ia t e any environmental damage stemming f r o m theiroperation. In Mike Bates' op in i on , there were several th ings that needed to beaccompli shed.

1. S e a l the S i n k h o l e , w i th concrete or o ther water t i g h t m a t e r i a l , to prevent anycontaminants f r o m en t e r ing i t .
2. Cease the on-Siie d u m p i n g or spreading of wastes fom the treatment process.
3. Clean up all contaminated soil on-Site and p r o p e r l y dispose of it.
4. Es tab l i sh dr ip pads and runoff containment f r o m the treated wood productsstorage area.
5. E l i m i n a t e any o i l y d i s charge and close out or maintain the i m p o u n d m e n taccording to RCRA.
6. Determine the source of contamination inside tunnel and I m p l e m e n t measures tocorrect it,
7. Clean up all off-Site contamination.
8. S a m p l e re s ident ia l w e l l s in the area for presence of contaminants.
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1.5 S u b s t a n c e s on S i t e

C

I d e n t i t y
Tv/o wood pr e s e rva t iv e mix ture s were used ai the Site. The wood preservativeused f r o m 1362-1965 was e x c l u s i v e l y a mixture of 50% creosote and 50% No. 6 roadoil. B e g i n n i n g in 1968, a s i z eab l e p e r c e n t a g e of p o s t s were treated withp e n t a c h l o r o p h e n o l ( P C P ) mix ed w i t h wood t r e a t i n g o i l ( # 3 d i e s e l f u e l w i th as u s p e n s i o n a d d i t i v e ) to give a 5% wood t r e a t i n g s o l u t i o n (5% PCP and 95% oil). Bothpreservative mixtures were a p p l i e d in the same manner in the wood treatmentprocess. The t r ea tmen t process consisted of a s i n g l e p r e s s u r e - c y l i n d e r in which thewood was treated.

C r e o s o t e
Creosote remains the primary wood preservative used in the Uni t ed State s . It isd e f i n e d by the indu s t ry t o d a y as a d i s t i l l a t i o n produc t of coal tar produced by the h i g ht e m p e r a t u r e c a r b o n i z a t i o n of b i t u m i n o u s coal. It has a b o i l i n g range of 390T toa p p r o x i m a t e l y 750 'F. Other qua l i ty control s p e c i f i c a t i o n s such a s s p e c i f i c gravity,water c o n t e n t , etc. have been e s tab l i shed by the industry. Creosote is composedp r i n c i p a l l y o f h i g h e r mo l e cu lar we ight aromatic hydrocarbons in a d d i t i o n to tar acidsand bases. This preservative has 200 or more i d e n t i f i e d components, but less than 20are present in amounts exceeding 1%. It is estimated that 10,000 or more compoundsare pre s ent in creosote. C o m p o s i t i o n s vary wi th batch l o t s , d e p e n d i n g on the coalsource and p r o d u c t i o n condi t ions . The major c omponen t s of t y p i c a l s a m p l e s arephenanthrene (21%), f l u o r e n e and f l u o r a n t h r e n e (each 10%) and acenaphthene andpyrene (each about 9%).
Creosote is used d i r e c t l y or in combination with coal tar or pe tro l eum oil.C o m m o n l y , it is mixed with a " t o p p e d " coal tar to increase the heavy aromatic contentand t o x i c i t y to soil or marine organi sms in add i t i on to other phy s i ca l or chemicalproper t i e s desired of wood treatment. " T o p p e d " coal tar has had the l i g h t b o i l i n gf r a c t i o n removed by d i s t i l l a t i o n . The p er c en tage of " topped" coa! tar used varies f r o m20-50% to the final product b l end . H i g h e r costs of p e t r o l e u m and related produc t shave a f f e c t e d b lends of creosote/coal tar cr pe troleum solutions are blended to meetthe AWPA s p e c i f i c a t i o n s . It can be done at the tr ea tment p l a n t , but t y p i c a l l y ispurchased p r e m i x e d .
The q u a n t i t i e s and t y p e s of wood p r o d u c t s t r ea t ed nat ionwide in 1981 withcreosote so lu t ions are as f o l l o w s :
Pole s
Crossties
Lumber and T i m b e r s
Fence po s t s

1,129.000 number
32,862,000 number
"113,048,000 board f e e t
6,568,000 number



P i l i n g s
S w i t c h t i e s
Crossarms

C r a n m e f a n d A s s o c i a t e s , I n c .
18,422,000 l i n e a r f e e t
76,757,000 board f e e t
93,000 number

I n t h e late 7 0 ' s me thod s were d e v e l o p e d f o r pressure treatment which u t i l i z e dv o l a t i l e solvent-carriers. The Cel l on® Process is done with liquifieJ pe tro l eum gas(IPG) ex t rac t i on f o l l o w e d by pres sure a p p l i c a t i o n o f PCP on d i i s o p r o p y l ether. TheDow® Process used methylene chloride as the solvent-carrier for p en tach loropher t o l .Both p r o v i d e a c l eaner n o n - o i l y sur fa c e l i g h t e r in color and more a e s t h e t i c a l l yacceptable .
Creo so t e s o l u t i o n s are u s u a l l y a p p l i e d alone. H o w e v e r , th ey may be used aspart of a dual treatment system where s p e c i f i c a d d i t i o n a l preservative p r o p e r t i e s areneeded. M i x t u r e s of creosote and other preservatives have been used in the p a s t , butare not c u r r e n t l y used in commercial opera t i on s . Creo so t e c on ta in ing 2% PCP hasIncreased tox ic i ty to soil organisms, but creates corrosion prob l ems with treat ingequipment. As a r e s u l t , its use is very l i m i t e d .

P s n t a c h l o r o p h e n o !
Peniachlorophenoi use became p o p u l a r In the mid 1960'* and became thesecond most commonly used wood preservat ive In the U n i t e d S t a t e s by the 1980' s .Records ind i ca t e that 39,730,000 p o u n d s of dry PCP was used in 1979. This does notInclude the sodium salt f o rm used for dip and spray a p p l i c a t i o n s to green lumber. PCPIs used p r i m a r i l y as a 5% s o l u t i o n in p e t r o l e u m so lvent carriers to treat p o l e s ,crossarms, lumber , t imbers , f e n c e po s t s , and other a p p l i c a t i o n s where a clean,p a l a t a b l e surface Is not required. The p e t r o l e u m carriers most commonly used forthese purpo s e s are the P-9 type A or Type C oils. Type A is a light oil s i m i l a r to d i e s e lf u e l . T y p e C solvent Is a pe tro l eum frac t ion with a boil ing range comparable to minerals p i r i t s , in a few s p e c i a l i z e d a p p l i c a t i o n s , a wax w a t e r - r e p e l l e n t has been added wilnPCP in a solvent carrier, such as Type C oi!.

In t h e early 1980 ' s u s e o f PCP with more v o l a t i l e s o l v e n t s , which q u i c k l yevaporated f r o m the wood a f t e r impregnat ion, gave a cleaner, less colored, andp a i n t a b l e treated s u r f a c e . The most common of these is a combination of LPG andether, l i censed by K o p p e r s C o m p a n y as the C e l l o n Process. A n o t h e r v o l a t i l e solventsystem, P-9 T y p e D uses methylene chloride by the Dow Process. Both of theseprocesses, whi l e p r o v i d i n g e x c e l l e n t r e su l t s f or ground contact a p p l i c a t i o n uses,accounted for oniy a very small frac t ion of the total PCP treatments.
Only three companies manufac tured PCP In the U n i t e d S t a t e s Jn 1981. T h e ywere Dow, Reichhold, and Vulcan Chemical. PCP was produced In f l a k e form or as1,000* and 2,000-pound ( c y l i n d e r s h a p e d ) blocks. Some commercial sources alsos u p p l i e d PCP already di s so lved In oil s o lu t ions del ivered by tank truck to treatingplants MM! purchased PCP as oil solutions.
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At l a r g e r p l a n t s , the block POP is typically d i s s o l v e d in oil or solvent in the t r e a t i n gc y l i n d e r or tank, d i l u t e d to the f i n a l use concentrat ion, end then p u m p e d to storage.Automated f e ed n o p p e r silo systems are available for f l a k e d PCP. It i s fed f rom bulkstorage mechanically to the mix tank, oil is added, and the mixture heated to dis solvethe POP, After Q u a l i t y Contro l checks, it is p u m p e d to storage for use as needed.Manual d u m p i n g and m i x i n g of f l a k e PCP f r o m bags o n l y occurs at s m a l l e r t r ea tmentoperat ions for l i m i t e d addi t ions to so lut ions to bring PCP concentration up to therequired minimum strength. Al only used sacks of f l a k e d PCP.
Commercial PCP m a n u f a c t u r i n g r e su l t s in the f o r m a t i o n of s econdary reactioncontaminant s such as the tri* and t e t ra- c h l o r o p h e n o l i somers, c h l o r i n a t e dc f i b enzod iox in s , dib^nzofurans, and p i l e n o x y p h e n o l s . To a much lesser extent, this isalso true of the Dow Chemical , Dowicide EC-7. T h i s has been s p e c i f i c a l l y processedto remove most of the s ide reaction d i o x i n c o m p o u n d s of e n v i r o n m e n t a l andoccupational concern. C o m p o s i t i o n a l da ta on PCP and the Dowicide EC-7 are shownIn the table below.

C O M P A R I S O N O F C O M P O S I T I O N O F C O M M E R C I A L G R A D EA N D P U R I F I E D G R A D E P E N T A C H L O R O P H E N O L ( P C P )

Component
Pentach l orpheno lT e t r a c h l o r o p h e n o lT r i c h l o r o p h e n o lC h l o r i n a t e d p h c n o x y p h e n o l sOctachlorodioxinsK e p t a c h l o r o d i o x i n sH e x a c h l o r o d i o x i n sO c t a c h l o r o d i b e n z o f u r a n sH e p t a c h l o r o d i b e n z o f u r a n sH e x a c h l o r o d i b e n z o f u r a n s

Commercial*(Dowic ide 7)

88.4 %4.4 %0.1 %6.2 %2500 ppm125 ppm4 ppm80 ppm80 ppm30 ppm

P u r i f i e d 6

(Dowicido EC-7)

89.8 %10.1 %0.1 %**•15.0 ppm6.5 ppm1.0 ppm1.0 ppm1.8 ppm*, 1,0 ppm
•Sample 9522 A^Technical grade PCP reduced by distillation

The Dow product was more € <pensive due to tha Increased c ompl ex i ty of thed i s t i l l a t i o n process. The increased costs hampered sale s and Dow C h e m i c a ld i s c on t inued the m a n u f a c t u r i n g o f the EC-7 produc t Una. The EPA Pos i t i onDocument-4 on Wood Preservative Pes t i c ide s (July 1984) discusses the chemicalIndustry's abil i ty, but resistance to producing an environ. , !*">•• sa f e product. Thi sreluctance has Indirectly but obviously contributed to 1-v* P iniial problems at theSite.
The product mix at the Site (creosote-treated products versus PCP-trsatedproduct s) varied from year to year depending upon consumer demand. Both treatmentproducts are major sources of the Site contamination.
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Data are ava i lab l e tor 1981 for the amount of chemical s purchased by MMl; (1)52,595 g a l l o n s of creosote; (2) 217,900 g a l l o n s of wood t r e a t i n g o i l ; and (3) 159.500pounds of POP. Mr. Barker has estimated that 500 ga l l on s of uncontro l l ed waste weregenerated in 1981 by MMl at the Si t e . T h i s r epre s ent s about 0.2% loss rate. PCPwould then represent 73% of th© treatment and creosote, 27%.
The f o l l o w i n g are the de s cr ip t ions and results nom analysi s G- samples taken atthe Site on October 6, 1981.

DESCRIPTION OF SAMPLES TAKEN ON O C T O B E R 6, 1981
S a m p l eN o . D e s c r i p t i o n

Dump area - sawdust and oi ly material - black - a p p r o x i m a t e l y 350' NWof H i g h w a y 65 naar NE property.
D u m p are • sawdust and oil material - black * a p p r o x i m a t e l y 100" SW ofS i t e S a m p l e no. 1 .

4
5
8
7
6
9

W a t e r f r o m drain^foamy. l eav ing p r o p e r t y NW of of f i ce - l ight brown -
W a t e r f r o m o f f i c e - (we l l on Sit e) - p u m p s e t a t 920' .
Water f rom Walnut Creek.
North RR d i t c h (SE of t u n n e l ) where it d r o p s to W a l n u t Creek - wnter
S o u t h RR ditch d i r e c t ly across f r o m Site S a m p l e no. 6 - water.
Discharge behind Arkwood office - water.
SE ccrner of i m p o u n d m e n t below Site S a m p l e no. 6 - s ed iment .

R E S U L T S O F S A M P L E S T A K E N O N O C T O B E R 6 , 1981
S a m p l e D e s c r i p t i o n P e n t a c h l o r o p h e n o lde t e c t ed ( p p m )
#1: On-site dump -sediment
#2: On-slte d u m p - s e d i m e n t
#3: Discharge p i p e -water

30,000
23.000

18
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f c
cr

#4; On-site well - water
#5: W a l n u t Creek - water
#6: Railroad d i t c h - water
#7: Railroad d i t ch - water
f 8: Steam di s charge - water

: I m p o u n d m e n t * s ediment

<0.01
2.8
3.4
2.0
21

5600

L
r

W a s t e Q u a n t i t y C a l c u l a t i o n
The q u a n t i t y of PCP and creosote der ived waste at the Site has beencontroversial.
U p d a t e No. 4 t o the NPL p r o p s e d an MRS score o f 34 .21 for the S i t e . Thi sc a l c u l a t i o n was based, in part on an e s t imat ed to ta l quan t i ty of waste of 6,234 tons.T h i s e s t imated quantity of waste was based on three separate items:

1. ADPC&E inspec tor s in 1981 rel ied on e s t imate s of Bob Barker of MMI. Mr Barkers tated to AOPC&E r e p r e s e n t a t i v e s that the p l a n t produced a total of 500 g a l l o n sof waste per year d u r i n g hi s tenure. The MRS c a l c u l a t i o n in U p d a t e No. 4m u l t i p l i e d t h i s 500 g a l l o n per year f i g u r e by the 22 years that the p l a n t was ino p e r a t i o n , for a to ta l of 11,000 g a l l o n s . (CAI has e s t imat ed the t o ta l to be 8,600g a l l o n s , i f the oil i s I n c l u d e d , or 190 g a l l o n s of PCP and 2,375 g a l l o n s ofcreosote.)
2. The Railroad Ditch Pit contained s l u d g e and sol! contaminated with creosote andp e n t a c h l o r o p h e n o l . The volume of the Railroad Ditch Pit was e s t imated to be 67cubic yards (40 f e e t l o n g , 15 f e e t wide, and 3 f e e t d e ep) . (CAI has es t imated that1.5 cubic yards of PCP ex i s t s in the Railroad Ditch Pit.) (CAI es t imate s that lessthan 1 Ib of PCP remains in the sawdust.)
3. The Sawdus t Pile at the east end of the Site was e s t imated to be 6,111 cubicyards (275 f e e t l ong , 150 f e e t wide and 4 f e e t d e e p ) .

MMI, via i t s a t torney Alan G a t e s , took issue with EPA and corec t ly commentedthat the waste quant i ty c a l c u l a t i o n s for the Site i m p r o p e r l y recorded wastes more thanonce and consequent ly, overstated the value used in the HRS scoring for total quanti tyof waste.
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I m p o r t a n t point s were made in a l e t t e r f r om Alan Gates , attorney for MMi, to EPA.Gate s p o i n t e o out that the f ir s t i tem in EPA's ca l cu la t i on s repre sented an e s t imate o fwaste genera t ed over the o p e r a t i n g l i f e o f the p l a n t . The second Item, the railroadd i t c h , Is one of the areas where these same wastes were p l a c e d . T h u s , ail of thewastes p la c ed in the railroad d i t c h were already counted once as part of Item No. 1. :twas I n a p p r o p r i a t e to count the wastes a second time as part of Item No. 2. The totalvolume of the c on taminat ed soil in the railroad d i t c h Is u n d o u b t e d l y larger than thevolume of waste which Is c o n t a m i n a t i n g the soil. Gates ' p o i n t was that under theH a z a r d Ranking S y s t e m , it is i n a p p r o p r i a t e .j base a score on the to ta t volume ofcontaminate soil or o ther c on taminat ed matrix at a S i t e . Only the amount of thecontaminat ing h? rardous substance is to be inc luded in the waste quant i ty ca l cu la t ion.U n c o n t r o l l e d H a z a r d o u s W a s t e Si t e Ranking User s M a n u a l . 47 F e d e r a l Regi s t e r31187, at 31229 ( p u b l i s h e d July 16, 1982), CAI c a l c u l a t e d the PCP waste in theRailroad Ditch Pit to be less than 2 cubic yards.
i tem No. 3 in the c a l c u l a t i o n of t o ta l waste repre s ent ed an even more s i g n i f i c a n terror In the e s t ima t e of waste quant i ty. The p i l e of sawdust and shavings at the eastend of tho Site nad been generated by wood p l a n i n g equipment and had been usede x c l u s i v e l y on untreated wood. The sawdust and shavings t h e m s e l v e s o r i g i n a l l ycontained no treatment chemicals. Evidence obtained by MMI i n d i c a t e d , however, thatthe sawdust p i l e . i n 1986, was o n l y contaminat ed with p e n t a c h l o r o p h e n o l in the towpar t s per m i l l i o n range / The most reasonable source o f the p e n t a c h l o r o p h e n o lobserved in the sawdust p i l e wat derived f r o m Bob barker ' s s ta tament that MMI's usedtho liquid wastes included on Item No. 1, above, lor dust control purposes.
The wastes in the sawdust p i l e were counted twice; by EPA first as part of ItemNo. 1, and second as part of the sawdust p i i e . ! JSion of the entire volume of thesawdust p i i e i m p r o p e r l y added a s u b s t a n t i a l volume of soil and sawdust.
MM!, via i t s a t t o r n e y , Alan G a t e s , noted that the d imen s i on s a t t r i bu t ed to thesawdust p i l e by EPA overstated its volume by more than two orders of magni tude .M M I p h o t o g r a p h e d a n d surveyed t h e sawdust p i l e . M M I ' s measurements ind i ca t edthat the sawdust p i l e Ud a surface area of 2.108 square f e e t and an average d e p t h ofsix to nine inches. T h e s e d imens ion s r e su l t ed In a to ta l volume of less than 60 cubicyards. CAI e s t imated that In May 1987, the volume of the Sawdus t Pile was legs than•40 cubic yards.
Why was there such a large descrepancy for the Sawdust Pile? EPA's estimateof 6,111 cubic yards for the volume of the sawdust p i l e had been based upon an April1985 memorandum f r o m Doice H u g h e s , a g e o l o g i s t with ADPC&E, to Tim Perdue inthe EPA Region VI Off ice . MMI discussed Its p h o t o g r a p h and survey with Mr. H u g n e s .

The documentat ion Record of EPA's HRS scoring I n d i c a t e s ihat the sawdust pile was Included In thecalculat ion of waste quantity because two 1979 soil and sawdust samples taken by the ADPO & £ showedp e n t a c h l o r o p h e n o l contamination at levels of 30.000 and 23,000 ppm. MMI questioned the level s ofpanlachlorophenoi reported In these samples and they took three samples from three different portionsof tho eiwdust p i l e for I n d e p e n d e n t v e r i f i c a t i o n . The sampl e s taken by MMI ware analyzed by theM c K e s c o n Environmental Services Labora t ory In D u b l i n , CA. The analy t i ca l re su l t s showedpenrachlorophenol at 0.5 p p m , 2.1 ppm. and 170 ppm.
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Mr, H u g h e s ind i ca t ed that the d imen s i on s he o r i g i n a l l y reported to HP/; were only anest imate iater i n d i c a t e d that he d id no t question the accuracy o f MMI's measurements.

MMI, v ia i t s a t t o rney , Alan G a t e s , s u g g e s t e d that e l i m i n a t i o n o f item No. 2 , the.railroad d i t c h , and Item No. 3, the sawdust p i l e s h ou ld r e su l t in a MRS scoring value of2 for quanti ty of wastes. 47 F e d . Reg. 31187, at 31229 ( p u b l i s h e d July 16,1982). T h i snew scoring value for waste q u a n t i t y r e s u l t e d in the f inal BBS score for the Site beingreduced f r o m 34.21 to 26.32.
Three major areas of p o l l u t i o n have existed at the Site; 1) surface , 2) subsurface,and 3) d u m p sites.
Some surface contamination remains at the Sit e . Most of this contamination is aheavy black s o l id r e s e m b l i n g road tar. This s u r f a c e c o n t a m i n a t i o n can be e a s i l yremoved, is i n s o l u b l e and p r e s e n t s no risk to groundwater . T h e r e is also an areacovered by the remains of a sawdust p i l e . S u r f a c e c on tamina t i on by PCP or thes o lub l e component s of creosote , except in newly eroded areas, Is not very l ike ly . Ane x p l a n a t i o n f o r t h i s s ta t ement f o l l o w s .
The Site is a p p r o x i m a t e l y 20 acres or 860,00^ sq ft In area and receives 45I n c h e s o f ra in fa l l p er year. T h e r e f o r e , about 25,000,000 g a l l o n s o f water fa l l s d i r e c t l yon the Site each year. The Site ceased operations in 1984. T h e r e f o r e , a p p r o x i m a t e l y75,000,000 g a l l o n s of water has s u b s t a n t i a l l y washed away most s u r f a c econtamination. If one assumes that 500 ga l l on s of waste was present on the* surface in1984, any waste component wi th an average s o l u b i l i t y of 7 ppm would have beenc o m p l e t e l y d i s s o lv ed and washed away. The s o l u b i l i t i e s of creosote and PCP exceedthis level. A total of 1,050 ga l l on s of pure PCP (only 190 gal lons have been estimatedto have been released f r o m 1968 to 1984) could have d i s s o lv ed In 75,000,000 g a l l o n sof water. Over 20,000 g a l l o n s of 5% PCP treatment s o l u t i o n could be f o r m u l a t e d f r o m1050 g a l l o n s o f P C P . In a d d i t i o n , the water exi t s the Site r a p i d l y , causing erosion andcarrying with it sur fac e par t i c l e s .
The Site sawdust p i l e i s s t e a d i l y shrinking. It Is u n l i k e l y that PCP or any waterso luble contaminant remains in the sawdust above 1 ppm for the same reasonsdiscussed for the Site In general. Assume that iha sawdust is one f o o t th i ck and thatfor each sq ft of sawdust, 10*12 cu ft of water has p ene t ra t ed since the p lant c lo s ing. IfPCP Is s o lub l e at 14 ppm in water, the sawdust would have been cleansed of 140 ppmof PCP. The sawdust p i l e was analyzed in 1986 and f ound to have 0.5, 2.1 amd 170p p r n of PCP present at the surface.

S u f r S u r f a c e -.General
If we assume that ground-water moves l in ear ly at a rate of 1 ft/hr, the Site wouldhave been transversed by about 20 c o m p l e t e changes of water since the c l o s ing of thep lan t in 1984. An * di s solved contaminant in so lu t ion should have moved form the Siten the gro imt fwa t e r moved as little as 1 f o o t per day.
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If, for example , we consider a 500 foo t wide column of ground water s tart ing 20'bslow the s u r f a c e (bsl) a^d e x t e n d i n g to 70' bsl which made up 1% of the volume andmoved at a rate of 1 ft/hr, about 500 X 50 X 0.01 X 20,000 * 5 X 1C6 c u f t or about 4 X107 ga l l on s would have passed through the Site since it was closed. T h i s amount ofwater could d i s p l a c e 560 g a l o n s of POP at 14 ppm or 21,400 g a l l o n s of t o lu ene at 535ppm or 71,000 g a l l o n s of benzene at 1,770 p p m . T h e s e f i g u r e s sugge s t that i f Sitep o l l u t a n t s were e q u a l l y d i s t r i b u t e d and ava i lab l e to be s o i u b i l i z f e d by s u b s u r f a c ewater, the res idues shou ld a lr eady have been below de t e c t i on l imi t s . Such Is not thecase. C l e a r l y the Site p o l l u t a n t s are not e q u a l l y d i s t r i b u t e d and in s o l u t i o n in theground-water u n d e r l y i n g the S i t e .
What t h e n i s t h e e x p l a n a t i o n o f t h e cont inued d e t e c t i o n o f S i t e p o l l u t a n t s o f f -The u n d e r l y i n g rock f o r m s channel s which create smal l underground streams.W h e n the s e s treams contact large sources, exchange based on re la t ive s o l u b i l i t yoccurs. This process r e s u l t s in the s low d i s s o l v i n g of c omponen t s based on t h e i rrelative s o l u b i l i t i e s in water versus oil. It i s l ikely that such f a c t o u are r e s p o n s i b l e forthe p o l l u t i o n of Cricket Spring and vic ini ty wells . It i s u n l i k e l y that a p l u m e ex i s t s underthe Site since the u n d e r l y i n g geo log i c f o r m a t i o n f orms a series of vertical andhorizontal aquitards and movement of the a q u i f e r is l a r g e l y by channel.
An at t empt has been made to estimate the quanti t ie s of waste released at theSHe. Several a s s u m p t i o n s need to be made prior to i n i t i a t i o n of calculat ions .

1. No POP was used until 1968.
2. After 1968, the average split between " ,? and creosote was 50%.
3. S a l e s for 1984 were e s t imated for 6 months of operation.
4. S a l e do l lar s are related to production volume a f t e r ad ju s tmen t s for i n f l a t i o n whichwas e s t imated at 5% per year.
5. The creosote :oil mix ratio was 1:1.
6. The PCP:oi l mix ratio was 1:19.
7. 500 g a l l o n s of waste was released in 1981.

The f o l l o w i n g table provides the d e ta i l s . It has been estimated that a p p r o x i m a t e l y2.400 g a l l o n s of creosote and 190 g a l l o n s of of PCP were released on the Site over a20 year period. A considerable port ion of this material has been lost f r o m the Site bythe processes of rainwater scouring, burning and vo la t i l i za t i on .

rv
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Year

19651966196719681969197019711972197319741975197619771978197919801981198219831984

V a l u e o f1984 Dollar*

0.380.400.420.440.460.490.510.540.570.600.630.670.700.840.770.810.860.900.951.00

S a l e s{$)

384,2101,030,0001.400.0001.104,5451,215,2171.440,8161,717,6472.103,7043.378.9474.890.0002.371.4283.088,0592,714,2853,513,5133.506.4933.456.7903,516.279"2.368,8881.578,947—750,000"*

Conver. lo1984 Dollar s (X)

2.632.52.42.32.22.02.01.91.81.71.61.51.41.41.31.21.21.11 . 1 X 0 . 21.0x0.2

Creo so t eW a s t e( g a l l o n s )
120400 •4101551601752052453755102352852303002802302501602010

Total
Amount o l Pure C h e m i c a l ( g a l l o n s )

4.750-X.0,5*
2,375

PCPWaste( g a l l o n s )

1551601752052453755102352852303002802302501602010
3,825X J L C S "

190

T o t a l( g a l l o n s )

1204004103103203504104107501.0204705704606005604605003204020
8,575

t
tcr

t
tt

Assume 5% Inflation rate as averaf 6 between 1965 -1985.Loss es t imated as 500 ga l l on s .Loss reduced by 80% due to operational charges.Mix was 50% creosote:50% oil.Mix was 5% PCP.-95%oil.
Pred i c t i on s

The m a j o r i t y of sur face p o l l u t i o n was due to product loss due to excess treatmentchemicals d r i p p i n g f r o m stored posts and convenience spraying In the storage yard.The vast m a j o r i t y of t h i s material was lost c o n t i n u o u s l y f r o m the Site over the yearswith little chance of concentrating in the environment.
Waste confined in S i n k h o l e s and Pits has been concentrated and protected fromrain water r u n o f f . Areas of concentrated waste remain at the Site. The wastes in theseareas is contained, concentrated and a larp portion can be e f f e c t i v e l y and efficientlyremoved and p r o p e r l y d i s po s ed of.
Minor d i s p e r s e d pocke t s exist in the microcaverns u n d e r l y i n g the Site. Someconnection between channels are po s s i b l e , even l i k e l y , but the pockets are notprac t i ca l t a r g e t s for remedial action and do not represent imminent and s u b s t a n t i a lhazards to man or the environment.
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M a x i m u m concentrat ions of p o l l u t a n t s in g r o u n c J w a t e r surrounding the Site areS m i l e d to the s o l u b i l i t y of the p o l l u t a n t in the water. It should also be appr e c ia t ed thatminor const i tuents of POP will not be f o u n d In the water in the same ratios as in the-commercial produc t . This is e s p e c i a l l y impor tan t when it comes to d i b e n z o d i o x i n s andd i b e n z o f u r a n s which are nearly i n s o l u b l e in water. Health risks based on technicalproduc t s and t h e i r c on taminant s are not a p p r o p r i a t e l y a p p l i e d to groundwater. TheEPA con s id er ed a No Observable Ef f e c t Level (NOEL) o f 3 m g / k g / d a y t o b ea p p r o p r i a t e of POP. For a 150 pound adui t , thi i s is 210 mg/day. If a person were todrink two quarts of water con ta in ing 1 p p m of POP, there would be a 100 fold s a f e t yfactor. Et is very u n l i k e l y that anyone would consume 2 quarts of water every day for al i f e t i m e .

Q u a n t i t y
PCP l e v e l s as h i g h as 1.6% have been reported in the S i n k h o l e . The volume hasbeen reported to be 4 cubic yards. T h e r e f o r e , a p p r o x i m a t e l y 12 g a l l o n s of PCP maybe In the S i n k h o l e . The railroad Ditch Pit area has had quantities between 1 and 5%PCP r e p o r t e d . If one assumes that the volume is 68 cubic yards, then up to 125g a l l o n s of PCP may be pre sent . T h e r e could be up to 10 g a l l o n s of PCP In tho AshPile.
If we assume that a 10,000 square f e e t area around the T r o l l e y / T r e a t m e n tCyl inder Area is contaminated to a d e p t h of 3 teet at an average of 100 p p m , a totai of40 g a l l o n s of PCP could be recovered.
If 500 g a l l o n s of wood treat ing chemicals were lost in 1981 and If PCP were usedfor 16 years ( 1 9 6 8 - 1 9 8 4 ) and if 5% PCP so lu t i on s repre s ented 50% of sales, then 190g a l l o n s of PCP was released at the Site . This Is inexce l l ent agreement with theestimates of PCP remaining on the Site.

Estimates of PCP
S i n k h o l eRailroad Ditch PitAsh Pil eT r o l l e y / T r e a t m e n t AreaTotal 187 ga l l on s

2, D e v e l o p m e n t o f A l t e r n a t i v e s

12 g a l l o n s125 gal lons10 g a l l o n s40.gallons

Based on the Information already obtained f r om the CAI-RI, a l i s t of generalresponse actions for site remediation was d eve l oped . A response action list was usedto i d e n t i f y p o t e n t i a l l y a p p l i c a b l e technologies. T a b l e 2.1 presents some generalresponse actions which have been considered t oge th er with the ir associated remedialtechnologies.
T a b l * 2*1. Actions and A s t o c i a t a d Pre l iminary Remedial T*chnolog[*«.
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No Act ion
Containment
P u m p i n g
Colle c t ion
Diversion

C o m p l e t e Removal

Partial Removal
O n - S f l e T r e a t m e n t

O f f - S h e T r e a t m e n t
I n S i t u T r e a t m e n t

Storage
On-Stt e Disposal
O f f - S h e Dispo sa l
Alternative Water

Some monitoring and analyses may be p e r f o r m e d .
C a p p i n g ; ground water containment barrier wall s; bu tkheadg; gasbarrier*.
Ground-wat er p u m p i n g ; l iquid removal; dredg ing .
S e d i m e n t a t i o n basins; French drains ,
G r a d i n g ; dikes and berms; ttream diversion ditches; trenches;terraces and benches; chute* and d o w n p i p e s ; l eve e s; s e epagebasin;.
T a n k s ; drams; t o i l s ; s e d i m e n t s ; liquid wastes; c on tamina t eds tructures; sewers and water p ipe s .
T a n k s ; drums; soi l s; s e d i m e n t s ; liquid wastes.
I n c i n e r a t i o n ; s o l i d i f i c a t i o n ; land t r e a t m e n t ; b i o l og i ca l , chemical andphysical treatment.
I n c i n e r a t i o n ; b i o l og i ca l , chemical and phys i ca l jr«aiwc..t.
P e r m e a b l e t r e a t m e n t b ed s; b lmeclanu ' o n ; t o ' I * r u h i n g ;neutralization; land farming.
Temporary storage structures.
Landf i l l s , land app l i ca t i on vaufu.
Landf i l l s , veuhs, s u r f a c e I m p o u n d m e n t s ; land app l i ca t i on .
Cisterns; above ground tanks; d e eper or u p g r a d i a n t s u p p l y we l l s ;munic ipa l water s y s t e m ; re locat ion o f Intake s tructure; ind iv idua lt r ea tment devices.

<\

At th i s point in the CAI-FS, f e a s i b l e technologies for the genera! response actionshave been identified r e cogniz ing that there may be combinat ions of source control andmanagement of m i g r a t i o n that are c o m p a t i b l e and i n c o m p a t i b l e . The r emed ia lt echnologies have been c la s s i f i ed according to the kinds of site problems they Intendto mi t iga t e .
Site data f r o m the CA1-FU have been, and will continue to be. reviewed to identifyc o n d i t i o n s that may l i m i t or promot e the use of certain remedial t e c h n o l o g i e s .T e c h n o l o g i e s whose use Is c learly pre c luded by site characteristics have beene l i m i n a t e d f r o m f u r t h e r cons iderat ion. T h e f e a s i b i l i t y o f t h e remedial t e c h n o l o g i e sd e p e n d s on the characteristics of the wastes.
The remedial t e c h n o l o g i e s propo s ed evaluation based on status of p e r f o rmanc erecord, and construction, operation and maintenance problems. Technologie s that areunre l iab l e , not fully d emons t ra t ed , or expec t ed to p e r f o r m p o o r l y have been el iminatedf rom f u r t h e r consideration.
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Remedia l response o b j e c t i v e s f o r t h e S i t e have as s i s t ed I n d e t e r m i n i n g p u b l i ch e a l t h and environmental concerns and s t ru c tur ing of p o t e n t i a l r emed ia l a l t e r n a t i v e s .T h i s was accomplished by considerat ion of a combination of the f o l l o w i n g :

D e s c r i p t i o n of the currant s i te c o n d i t i o n s ;
Data collected during the remedial inves t igations;

* F e d e r a l r egu la t i on s c i ted in 40 CFR, S e c t i o n 300.68;
* A p p l i c a b l e pub l i s h ed ERA interim guidance documents; and
* Other a p p l i c a b l e p u b l i s h e d E R A , F e d e r a l a n d S t a t e env i ronmen ta ls t a n d a r d s , g u i d a n c e adv i s or i e s a s d e f i n e d u n d e r E P A ' s C E R C L Acompliance pol i cy.
The g o a l s were to achieve source contro l and management of m i g r a t i o n .C o n t r o l s and management should m i t i g a t e to the e x t en t p o s s i b l e I m p a c t s caused bycurrent and f u t u r e contaminant migration.

2.2 S y n t h e s i s o f A l t e r n a t i v e s
S i t e - s p e c i f i c remedial a".ornatives were d e v e l o p e d using the remedialt e c h n o l o g i e s i d e n t i f i e d d u r i n g the previous task. As part o f the FS, at least onea l t ernat ive for each of the f o l l o w i n g categorie s remains to be evaluated.
Factors that were considered during the d ev e l opment of s i t e - s p e c i f i c remedialal ternat ive s consist o f :

Treatment or d i spo sa l both on at an o f f - s i t e f a c i l i t y approved by EPA( i n c l u d i n g R C R A , T S C A , C W A , C A A , M P R S A , a n d S D W A approvedfac i l i t i e s}, a s a p p r o p r i a t e ;
* A p p l i c a b l e and relevant Federa l or S t a t e pub l i c hea l th or environmentals tandards;
* A no action alternative.
The t e chnologie s relevant to the Site were a p p l i c a b l e to several differenta l t e rna t ive s . A l t e r n a t i v e s which minimized risk to r e c e p t o r ( s ) were cons ideredwhenever pos s ib le .
A l t e r n a t i v e s obtained by combining t e chno l og i e s have been p r e p a r e d .T e c h n o l o g i e s that are most a p p r o p r i a t e for the site in c lude recyc l ing, reuse, wasteminimization and destruction.
An interim report has been prepared document ing the data needs b e fore f u r t h e rcons iderat ion o f a l t e rna t iv e s . T h e interim report I n c l u d e s : ( 1 ) do cumenta t i on f o r t h erationale used to exclude certain t e c h n o l o g i e s ; (2) d e v e l o p m e n t of pre l iminary
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c l eanup o b j e c t i v e s ; and (3) a s s e m b l i n g the remaining t e c h n o l o g i e s used to d e v e l o pthe proposed remediation alternatives.
3. E v a l u a t i o n of A l t e r n a t i v e s
3.1 T e c h n i c a l C r i t e r i a

The a l t ernat ive s s e lec ted emerged a f t e r e l i m i n a t i o n of the u n f e a s i b l e orinappropr ia t e . T h i s s e l e c t ion was prior to under taking d e ta i l ed evaluations of ther emain ing a l t e r n a t i v e s . T e c h n i c a l , e n v i r o n m e n t a l , and economic cri teria as s i s t ed inp e r f o r m i n g the review o f the remedial a l t e r n a t i v e s I n c l u d i n g : (1) cost e s t imate sconsisting of capital and l i f e t i m e operational and maintenance costs and the present-w o f t h value o f these costs; (2) r e s u l t i n g adverse p u b l i c h e a l t h or environmental e f f e c t sf r o m i m p l e m e n t a t i o n o f t h e aharna t iv e; ( 3 ) r e l i a b i l i t y , e f f e c t i v e n e s s , i m p i e m e n t a b i l i t y( i n c l u d i n g pub l i c acceptance, legal and ins t i tu t ional issues), and technical f e a s i b i l i t y inmeeting t h e d e f i n e d ob j e c t ive s .
Thre e broad cons iderat ions were used as a basis for the in i t ia l screening: cos>t,publ ic h ea l th , and the environment, More s p e c i f i c a l l y , the f o l l o w i n g fac tor s wereconsidered:
1. Environmental Protection. Only those alternatives that s a t i s f y the responseo b j e c t i v e s and c on tr i bu t e s u b s t a n t i a l l y to the p r o t e c t i o n o f p u b l i c h e a l t h ,w e l f a r e , or the env i ronment have been cons idered . Sourc e contro lalternatives achieve adequate control of source materials. Management ofmigrat ion a l t ernat ive s minimize or mi t iga t e the threat of harm to pub l i ch e a l t h , w e l f a r e , or the environment.
2 . Environmenta l E f f e c t s . A l t e r n a t i v e s p o s i n g s i g n i f i c a n t a d v e r s eenvironmental e f f e c t s have been ex c luded .
3. Techni ca l F e a s i b i l i t y . T e c h n o l o g i e s that might prove extremely difficult toi m p l e m e n t , or may not achieve the remedial objectives in a reasonable timep e r i o d , or are unproven t e c h n o l o g y were m o d i f i e d or e l imina t ed .
4. Cost. Alternat ive s whose costs far exceeded that of other alternatives weree l i m i n a t e d unle s s other s i g n i f i c a n t b e n e f i t s were to be real ized.

3.2 Environmental and Pub l i c H e a l t h Criteria
Environmental and p u b l i c h e a l t h criteria were evaluated f i r s t f o l l o w e d by cost.T h i s two-step screening process allowed for an initial assessment of the a p p l i c a b i l i t yof oach alternative relative to the others and eliminated alternatives that did notprovide adequate pro t e c t i on of p u b l i c h ea l th , wel fare* and the environment, and thosethat are much more cost ly than others without providing s i g n i f i c a n t l y greater protection.

5. Remedial A c t i o n A l t e r n a t i v e s
5.1 N o n - C o s t Cri t er ia A n a l y s i s
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7*~C' object ive of this task was to p e r f o r m a comparative technical assessment themost f e a s i b l e remaining al ternat ive s and to use this assessment to determine if themost l i k e l y a l t ernat ive has been evaluated. If unaccep tab l e p e r f o rmanc e isdemonstrated sy s t emat i ca l ly , each remaining alternative will be developed in sufficient'detail to al low comparative technical assessment.

T h i s task i n c l u d e s t h e f o l l o w i n g c omponen t s : ( 1 ) r e f i n e t h o a l t e r n a t i v e s a r ds p e c i f y m a j o r l o g i s t i c , equ ipment and u t i l i ty requirements. Use o f e s t a b l i s h e dt e c h n o l o g i e s wi l l be e m p h a s i z e d ; (2) prepare a basic component d iagram; (3) d e f i n eo p e r a t i o n a n d m a i n t e n a n c e / m o n i t o r i n g requirement s , ( 4 ) d e f i n e i m p l e m e n t a t i o nrequirements i n c l u d i n g s a f e t y cons idera t ions , r e g u l a t o r y and permit requirements ,t emporary s torage, o f f - s i t e d i s p o s a l and t r a n s p o r t a t i o n ; (5) prepare a conceptual sitelayout drawing; (6) d e v e l o p a schedule for imp l emen ta t i on and address phas ing ands e g m e n t i n g o p t i o n s ; (7) list p o t en t i a l adverse environmental impact s , describemethod s to mi t iga t e those impact s and costs of m i t i g a t i o n ; and (6) prepare ap r e l i m i n a r y e s t imate of probab l e costs associated with the al ternative in c lud ingdi s tr ibut ion of cost over time.
A f t e r d e v e l o p m e n t o f t h e a l t e r n a t i v e s , t h e e v a l u a t i o n o f t h e a l t e r n a t i v e s w i l tproceed with analys i s o f t e chn i ca l , e n v i r o n m e n t a l , p u b l i c h e a l t h , Inst i tut ional and costf e a s i b i l i t y of the a l t e r n a t i v e in light of the r emedia t i on criteria e s t ab l i s h ed in previoustasks.
5.1.1, T e c h n i c a l A n a l y s i s
Technical analysis of alternatives involved the evaluation of remedial alternativesfor per formance , r e l i a b i l i t y , I m p l e m e n t a b i l i t y , and sa f e ty . Desirabi l i ty is d e f i n e d on thebasis of performance: e f f e c t i v e n e s s and u s e fu l life. E f f e c t i v e n e s s re fers to the degreeto which an action will prevent or minimize substantial danger to pub l i c heal th , we l fare ,or the environment. The u s e f u l life is the l e n g t h of time this level of e f f e c t i v e n e s s canbe maintained. Because of the importance of i m p l e m e n t i n g a remedial action which ispro t e c t iv e of human h e a l t h and the environment, r e l i a b i l i t y of the a l t e rna t iv e is ofserious concern. Remedial a l t e rna t iv e s must be i m p l e m e n t a b i e . The re lat ive ease ofi n s t a l l a t i o n and the t ime required to achieve a given level cf re sponse is veryimportant . Finally, each al t ernat ive was evaluated to assess the short and long-termthreat to the s a f e t y of Omaha and nearby residents and environments as well as thoseto workers during impl ementa t i on . Evaluation of these aspec t s resulted in an estimateof each alternative's technical f e a s i b i l i t y .

In addi t ion to the above technical f e a s i b i l i t y considerations, the technical analysisconsidered the f o l l o w i n g e lements , where appl i cab l e:
* Did the alternative comply with s p e c i f i c requirements of other environmentalprograms. Did the alternative prevent or minimize the migration of wastesand publ i c h e a l t h or environmental impacts. If not, were special de s ignsavailable that could be i m p l e m e n t e d to achieve compliance.
• Operat ion, maintenance, and monitoring requirements of the remedy.
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• Identi fy and review p o t e n t i a l o f f- s i t e d i s p o s a l *ac i l i t i e s to ensure compl ianc ewith a p p l i c a b l e RCRA and other ERA environmental program requirements,both currant and proposed. Potential d i sposal f a c i l i t i e s should be evaluatedto d e t e r m i n e w h e t h e r off-site management of site wastes could result in a"p o t e n t i a l f o r a f u t u r e release f r o m th e d i s p o s a l f a c i l i t y .
• - id en t i fy t e m p o r a r y s t orage r equirement s , o f f - s i t e d i s p o s a l needs , andtransportat ion plans.
• Describe whe th e r the a l t e r n a t i v e r e s u l t s In permanent t r ea tment orde s t ruc t i on o f the wastes, and, If not. the p o t e n t i a l f or f u t u r e release to theenvironment.
• Out l ine s a f e t y requirements f or remedial i m p l e m e n t a t i o n ( i n c l u d i n g both on-s i te and of f- s i t e h e a l t h and s a f e t y cons idera t i ons).
• Descr ibe how the a l t e r n a t i v e could be s e g m e n t e d i n t o areas to a l l o wi m p l e m e n t a t i o n in di f f ering phases.
• De? ^ i b '* s p e c i a l e n g i n e e r i n g r e q u i r e m e n t s o r s i t e p r e p a r a t i o nconsiderations r e g a r d i n g the remedy.
5.1.2. Environmental A n a l y s t s
The e n v i r o n m e n t a l analys t" involved the p r e p a r a t i o n o f an E n v i r o n m e n t a lAsse s sment (EA) for the a l t e r n a t i v e under cons iderat ion. The EA f o c u s e s on the sitep r o b l e m s and p a t h w a y s of c o n t a m i n a t i o n a c t u a l l y addre s s ed by the s e l e c t e dalternative. The EA includes an evaluation of b ene f i c ia l e f f e c t s of the response,adverse e f f e c t s of the r e spon s e , and an analys i s of measures to m i t i g a t e adversee f f e c t s .
5.1.3. P u b l i c H e a l t h A n a l y s i s
The s e l e c t s . , a l t e rnat ive was assessed in terms of the extent to which It mi t iga t e sl ong- t erm exposure to any residual c on tamina t i on and pro t e c t s p u b l i c hea i th bothduring and a f t e r c o m p l e t i o n o f the remedial action. Hie assessment wi l l de s cn'be thel ev e l s and charac ter izat ions of contaminants on-site, p o t e n t i a l exposure routes, andp o t e n t l y a f f e c t e d populat ion.
The s e l e c t ed remedia l a l t e r n a t i v e was evaluated to de t ermine the level ofexposure to contaminants and the reduction over time.
For management of migration measures, the relative reduction In Impact wasdetermined by comparing residua! level for tha s e l e c t ed a l t ernat ive with e x i s t i n gcriteria, s tandards , or g u i d e l i n e s acceptable to ERA. For source octroi measures orwhen criteria, s tandards or g u i d e l i n e s were not available, the comparison should bebased on the re lat ive e f f e c t i v e n e s s of t e chno l og i e s . The no-action a l t ernat ive willserve as the baseline for the analysis.
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5.1,4. I n s t i t u t i o n a l A n a l y s i s
The selected alternative will be evaluated Dased on relevant ins t i tu t ional needs.Spec i f i ca l ly , r e g u l a t o r y requirements , p e r m i t s , c ommuni ty r e l a t i o n s , and p a r t i c i p a t i n g *agency coordination will be assessed.
5.2. Cost A n a l y s i s
The cost of each f e a s i o l e remedial action a l t ernat ive (and for each phase orsegment of the a l t e r n a t i v e ) wi l l be eva luat ed . The cost will be pre sented as a presentworth cost and wi l l in c lude the t o ta l capi ta l cost and the annual o p e r a t i n g andmaintenance costs. Both monetary costs and associated non-monetary costs will beinc luded. A d i s t r i b u t i o n of costs over t ime will be provided.

6 . S U M M A R Y O F A L T E R N A T I V E S
Finally, the i n d i v i d u a l analyse s pr e s en t ed above will be c ompi l ed and a d e c i s i onmatrix constructed to compare data If it is determined that the se lected alternative isnot f e a s i b l e and it was necessary to d e v e l o p more than one a l t e rnat ive . This processwill aid in tne selection of the most appropr ia t e remedial action alternative.
A l t e r n a t i v e s will be compared using t e chni ca l , e n v i r o n m e n t a l , and economiccriteria. The f o l l o w i n g areas will be used to compare a l t e rna t iv e s :
* Present W o r t h of Total Costs. The net present value of cap i ta l and o p e r a t i n gand maintenance costs.

H e a l t h I n f o r m a t i o n . F o r t h e no-action a l t e r n a t i v e , pr epare a q u a n t i t a t i v estatement i n c l u d i n g a range estimate of maximum individual risks. Whereq u a n t i f i c a t i o n was not p o s s i b l e , a q u a l i t a t i v e ana ly s i s must s u f f i c e . Forsource control opt ions , a quantitative risk assessment was not required Formanagement of m i g r a t i o n measures, a q u a n t i t a t i v e risk a s s e s smentIncluding a range est imate of maximum Individual risks Is provided.
* Environmer.tal E f f e c t s . Only the most impor tan t e f f e c t s or I m p a c t s have beensummarized. Reference has been made to s upp l emen ta l information.
* Technical A s p e c t s of the Remedial Alternatives. The technical aspects ofeach remedial a l t e rnat ive relative to the others shou ld be c l ear ly d e l i n e a t e d .Such i n f o r m a t i o n g enera l ly will be based on the pro f e s s i ona l opinionsregard ing the site and the t e c h n o l o g i e s compri s ing the remedial alternative.
« Ext en t o f C o m p l i a n c e with Appl i cab l e Environmental Regulat ions . Thi sI n f o r m a t i o n should be arrayed so that d i f f e r e n c e s in how remedialalternatives s a t i s f y such s tandards are readi ly apparent. The general typesof s tandards that may ba a p p l i c a b l e at the site include:

RCRA des ign and operat ing s tandards; and
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D r i n k i n g water s tandard s and criteria.

i n f o r m a t i o n on Community E f f e c t s . The t y p e o f i n f o r m a t i o n providedI n c l u d e s the e x t en t t o which i m p l e m e n t a t i o n o f a r emed ia l a l t e r n a t i v ed i s r u p t s the community (e.g., traf f i c , t emporary h e a l t h risks, and re loca t ion).
C H A P T E R 8 . R E P O R T I N G R E Q U I R E M E N T S

The CAl-FS scope o f work for the Sit e requires q u a l i t y control over r e p o r t i n g o fthe da ta , a s s e s sment s , and conclus ions . The remedial action must pro t e c t humanh e a l t h , w e l f a r e , and the environment and be cost e f f e c t i v e . P r o p e r r e p o r t i n g wilt h e l pachieve th i s goal by:
* Ensur ing that the m a j o r issues are addre s s ed a d e q u a t e l y ;
* T r a c k i n g p r o j e c t p rogr e s s ;
* C o n s o l i d a t i n g da ta;
* Recording the methods used and the r e su l t s of the work done; and
* S u p p o r t i n g the dec i s ions made and conclusions drawn dur ing the f e a s i b i l i t ystudy.
R e p o r t i n g d u r i n g t h e i m p l e m e n t a t i o n o f t h i s Work P l a n w i l l involve t h e m o n t h l yr e p o r t i n g of the t echnical s ta tus of the CAl-FS inter im repor t s and the p r e p a r a t i o n of ap r e l i m i n a r y and f inal report p r e s e n t i n g the r e su l t s o f the CAl-FS.
Monthly p r o j e c t s t a tu s r e p o r t s wi l l b e p r e p a r e d to assist In m a n a g i n g andeva lua t ing the progre s s o f the CAl-FS. The repor t s wi l l consist o f a technical s tatusreport which w i l l i d e n t i f y a n d / o r summarize: ( 1 ) a c t i v i t i e s conducted d u r i n g t h i sr e p o r t i n g p e r i o d ; (2) work p r o g r e s s , d u r i n g th i s r e p o r t i n g period and to da t e , andpercent c o m p l e t e ; (3) work p l a n n e d for next r e p o r t i n g p e r i o d ; (4) work revisions; (5)s chedul e s ta tu s; (6) t e s t i n g / d a t a r e su l t s ; and (7) s u p p o r t activities. T h s s o r epor t s v;l!be prepared by the Site FS Officer and Projec t Manager and a p p e n d e d to the m o n t h l yC A I - R I report
Quarterly report s d o c u m e n t i n g the dec i s ion making process used to evaluateand deve lop the most f e a s i b l e , or if necessary, other alternative will b© prepared , anda p p e n d e d to the quarterly CAi-Rl reports . The quarterly reports will document; thei n i t i a l t e c h n o l o g i e s c o n s i d e r e d ; e v a l u a t i o n o f th e t e c h n o l o g i e s a p p l i c a b l e t or e m e d i a t i n g the Sit e; c l e a n u p o b j e c t i v e s and a d e f i n i t i o n o f th s ^mediat ioncat egor i e s; and ra t i onal e for s e l e c t i on or d e l e t i o n of t e c h n o l o g i e s (bssed one f f e c t i v e n e s s , p e r f o r m a n c e , r e l i a b i l i t y d e v e l o p m e n t status, and other r e la t edcharacteristics). At the conclusion, the f o l l o w i n g quarterly report will ident i fy p o t e n t i a l l ya p p l i c a b l e t e c h n o l o g i e s for source and management of migration controls and the i r
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a b i l i t y to meet the requirements o f the ca tegorie s for S i t e s p e c i f i c remedialalternatives .

At the conclusion of the FS, a pre l iminary report will be prepared that document s ,the procedures used in as se s s ing the most f e a s i b l e t e c h n o l o g i e s , c l e a n u p ob j e c t ive s . *and criteria, a l t e rna t iv e s , and the de ta i l ed evaluation results . Documents will besubmit t ed to ERA and the ADPC&E upon approval by tne r e s p o n s i b l e par ty(s).
The last s t ep of the CAI-FS involves the preparat ion of a f i n a l report whichdocument s and summarizes the eva lua t i on of the remedial action a l t e rna t iv e s andpresents the recommendations result ing f r o m these evaluations. Comments made byEPA and the ADPC&E will be considered and addressed In the f inal CAI-FS report asa p p r o p r i a t e .
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E n d a n g e r m e n t A s s e s s m e n t
A Draf t Endangerment Asse s sment (DEA) for the Site has been p e r f o r m e d by CAIto e v a l u a t e the env i ronmen ta l hazards posed by re s idues of the wood t r e a t m e n tpe s t i c ide s p e n t a c h l o r o p h e n o l (POP) and creosote. Several reservoirs of POP andcreosote are c u r r e n t l y u n c o n t r o l l e d at the Site and could pose a threat to theenvironment if r e l ea s ed . Res idue s have m i g r a t e d f r o m an as yet u n d e t e r m i n e dreservoir on the Site via groundwater. The DEA for tha Site inc ludes a p o l l u t a n tmigration pathway e v a l u a t i o n , i d e n t i f i c a t i o n o f p o t e n t i a l environmental receptors, anda p r e l i m i n a r y hazard analys i s . F o r m u l a t i o n o f t h e C A I - D E A f o l l o w e d g u i d e l i n e sconsistent with the N a t i o n a l Oil and Hazardous Substances Contingency Plan (NCP).
The o b j e c t i v e o f the CAi-DEA for the Site was to d e t e rmine i f there i s a p r o b a b i l i t yof actual or po t en t ia l harm to the pub l i c heal th and we l far e , and the environment, and ifso to e s t imat e the m a g n i t u d e of risk. Risk may be e s t imated as e i ther the threatened oractual release o f p e n t a c h l o r o p h e n o l o r creosote. T h e C A I - D E A f o r t h e S i t e i d e n t i f i e sand characterizes:

1. C o n c e n t r a t i o n s of PCP and creosote pr e s en t in r e l e v a n t e n v i r o n m e n t a lcompartments;
2. Environmental f a t e and t ran spor t mechanisms of PCP and creosote relevant tothe Site;
3. Intrinic t o x i c o l o g i e s ! p r o p e r t i e s of PCP and creosote;
4. Pathways and extent of expected human exposure;
5. H u m a n p o p u l a t i o n s at risk; and
6. The l i k e l i h o o d and extent of harm due to exposure to PCP and creosote.

The CAI-DEA has weighed the accuracy, preci s ion, comprehensiveness ,r e l i a b i l i t y , and o v e r a l l . q u a l i t y o f ava i lab l e Information and data relevant to the Site .The f o l l o w i n g out l ine i d e n t i f i e s the major areas addressed by the CAI-DEA.
1. Physical Des cr ip t i on of the Site and Site History

a. Geographi c locationb. Management p r a c t i c e s / S i t e u s e / S i t e m o d i f i c a t i o n sc. C h r o n o l o g i c a l surveyd. Facility de scr ipt ions/containment systems©. S u b s t a n c e s o n - S i t e (identity, quan t i ty , f o r m , and manner of d i s p o s a l orh o l d i n g
2. Site C o n t a m i n a t i o n / O f f - S i t e Contaminat i on

a. Identity of substances detectedb. Concen tra t i on of substances de t e c t ed



c . S u r v e y o f e n v i r o n m e n t a l m o n i t o r i n g s t u d i e s ( d e t a i l e d d i s c u s s i o n o fenvironmental media and contaminat ion l e v e l s )
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3. Environmenta l F a t e and T r a n s p o r t
a. P h y s i c a l - c h e m i c a l p r o p e r t i e s o f s p e c i f i e d c h e m i c a l s / s u b s t a n c e s (e.g.,s o i l / s e d i m e n t a d s o r p t i o n c o e f f i c i e n t s , vapor pressures, s o l u b i l i t y , etc.)b. P h o t o d e g r a d a t i o n rate s , d e c o m p o s i t i o n rates, h y d r o l y s i s rates, chemicalt r a n s f o r m a t i o n s , etc.c. Local t o p o g r a p h yd. D e s c r i p t i o n of the h y d r o l o g i c a l s e t t i n g and f l o w systeme. Cl ima t i c f a c t or s , other fac tor s a f f e c t i n g f a t e and transportf . P r e d i c t i o n o f f a t e and transport (where necessary using m o d e l i n g m e t h o d s )

4. Tox i c o l og i ca l Proper t i e s (hazard i d e n t i f i c a t i o n )
POPa. M e t a b o l i s mb. Acute t o x i c i t yc. Subchronic t o x i c i t yd. Chronic t o x i c i t ye. C a r d n o g e n i c i t yf . M u t a g e n i c i t yg. T e r a t o g e n i c i t y / r e p r o d u c t i v e e f f e c t sh . Other h e a l t h e f f e c t s ; i n c l u d i n g n e u r o t o x i c i t y , i m m u n o - d e p r e s s a n t a c t i v i t y ,a l l e r g i c reactions, e tai. Ep id emio l og i ca l evidence (chemi ca l - sp e c i f i c or S i t e - s p e c i f i c )| . A q u a t i c / n o n - h u m a n t e r r e s t r i a l s p e c i e s t o x i c i t y / e n v i r o n m e n t a l q u a l i t yimpairment
Creosote

5. Exposure Asse s sment
W o r l d W i d e .Comparisoni
a. Demographi c p r o f i l e s of p o p u l a t i o n s at risk Including s u b p o p u l a t i o n at spec ialriskb. Background chemical exposuresc. Lifestyle and occupat ion his toriesd. Popula t ion macro- and micro-environmentse. Exposure routs

6. Risk Assessment and Impact Evaluation
a. Carcinogenic risk assessmentb. P r o b a b i l i t y of non-carcinogenic human hea l th e f f e c t sc. Non-human species risk assessmentd. Environmental i m p a c t s / e c o s y s t e m a l t e ra t i on s



7. Conc lu s i on s
6 , S u p p o r t d o c u m e n t a t i o n ( a p p e n d i c e s )

The Final Endangermen t Asses sment (FEA) wil l be Issued as a discretedocument. U p d a t e s o f th e CAI-DEA wi l l b e p e r f o r m e d concurrent ly wi th th e Rlactivities and the initial stages of the F e a s i b i l i t y Study.
The c o m p l e t e d d<-aft FEA wil l be s ubmi t t ed to ADPC&E and the ERA for reviewand comment. Ten copies of the draft FEA shall be submitted to ADPC&E and theERA for review and a p p r o v a l . The draft FEA sha l l be revised in response to ADPC&Eand the ERA'S comments and 10 copies of the FEA s h a l l be submitted to ADPC&E andthe ERA.

1 , P h y s i c a l D e s c r i p t i o n o f t h e S i t e a n d S i t e H i s t o r y
1.a G e o g r a p h i c L o c a t i o n *

The Site occupies part of S e c t i o n 27, T21N 421W located on the Omaha,Arkansas-Missouri Quadrant Map west of U . S . H i g h w a y 65, one-ha l f mile southwest ofthe city of Omaha. Boone County. Arkansas. The Site Is located at the head of a valleywest of U.S. H i g h w a y 65, as shown in Figure 1.a.1. The Site covers a total of 15 * 20acres that were used for t r e a t i n g wood with PCP and creosote and s torage of treatedposts* The total contiguous acreage of the Site owned by Mary Bank was 83 acres. Abranch l ine of the Missouri P a c i f i c Railroad (MPR) tracks are adjacent to the northernedge of the Site. To the south and west the Site is bounded by the unpaved CricketRoad. An aerial pho t ograph of the Site in operation by Mass Merchanisers, Inc. (MMI)In February, 1984, Is shown in F i g u r e l.a.2. The acreage was d e v e l o p e d In the early1900's when the Missouri Pacific Railroad (MPR) excavated to a d e p t h of 40 to 50 f e e tbelow natural grade to obtain fill dirt for the construction of railroad embankments
The Sit e e l eva t ion fa l l s f r o m south-east t o north-west a long a smooth sur facewhich resulted when the MPR removed the t op so i l and a f t e r owner/ t ennantI m p r o v e m e n t s . The Site fa l l s a p p r o x i m a t e l y 100 f e e t in e l eva t i on f r om south-east tonorth-west. The Site sur fac e has been channeled and l i t t le water f l o w s f r o m south tonorth, a l t h o u g h this would have been the case prior to excavation. Excavationre su l t ed In e x p o s i n g the porous and o c ca s i onal ly cavernous u n d e r l y i n g l imes tone tosur face water entrapment . Several s inkholes are evident on the Si t e . N u m e r o u saqui f er channels exist immedia t e ly below the Site . A deep cased well with the wellp u m p set at 920 f e e t Is located on the south-west side of tha northern end of the Site.
A steep bluff approx imat e ly 50' high exists on the tower one hal f of the northeastern boundary of the Site. A d i s p o s a l area (pit) on the north-eastern boundary ofthe Site and next to the railroad tracks was covered with fill dirt fn 1986.



1 . B M a n a g e m e n t P r a c t i c e s / S i t e U s e / S i t e ^ M o d i f i c a t i o n
T e c h n i q u e s o f T r e a t m e n t
The f o l l o w i n g d i s cu s s ion Is o f f e r e d as an e x p l a n a t i o n of the processes u t i l i z e d bythe wood t r e a t i n g i n d u s t r y in general and Arkwood , Inc. (Ai) and MM! In s p e c i f i c s . Thedi s cus s ion is relevant to Site practices through 1984 when MMI di s cont inuedoperat ions .
Wood preservatives used at the Site were oil-based mixt i <r of e i therp e n t a c h l o r o p h e n o l or creosote. The s e mixtures were used to tn 1 wood for thep r e v e n t i o n of decay and d e t e r i o r a t i o n which occurs as a resul t of weather, soilcondit ions, or the i n f e s t a t i o n by organisms such as insects and f u n g i .
Creo so t e was not new when A! began o p e r a t i n g the Sito. Creo so t e had comeinto u s e f o r wood t r ea tment In 1839 with t h e d e v e l o p m e n t o f t h e B e t h e l l f u l l c e l lpressure treatment (FCT) process. Lumber or pos t s are enclosed in a cylinder andsubjected to an Initial vacuum to remove air and water from the wood cells. This s t epwas f o l l o w e d by Injecting creosote Into the wood under pressures varying f r om 125-200 pound s per square inch (PSI) at t empera tur e s of 180-21OT. Treatment continueduntil the wood was saturated with creosote or PCP. Pressure was then released, thecy l inder dra ined , and the wood removed.
Treatment processes relevant to the Site (the Lowry and the R e u p i n g ) wered e v e l o p e d In the early years of the 20th century. T h e s e processes are r e f erred to ase m p t y c e l l t r e a t m e n t s (ECT) In which the excess preservative i s removed f r om thewood ce l l s when a f i n a l vacuum phase was added to the process, leaving the woodcel l s coated rather than filled with treatment solution. The ECT process was p o p u l a rbecause less pre s ervat ive was used and the cost of chemical s was s i g n i f i c a n t l yreduced.
In the Lowry Process, the preservative pene tra t ed Into the wood due to the h ighpressure and t empera tur e of the treatment cyl inder . The air n a t u r a l l y present In thewood was compressed during the pressurization process. The treatment process wascomple t ed when the pressure was released and the cyl inder drained. The excess•preservative was f o r c ed out of the wood ce l l s by expans ion of the compressed air.The only major variation In the Reup ing Process was an Initial app l i ca t i on of pressureIn the range of 25-76 psi prior to f l o o d i n g the cylinder with creosote or PCP.
S o l u t i o n s of creosote and crude coal tar or p e t ro l eum oils were e f f e c t i v e and lesscostly for wood treating. As a result , creosote pressure appl i ca t ions by the empty cellmethod had predominat ed in the railroad indu s t ry since the 1920's. a 1:1 mixture ofcreosote and on was used at the Site. •
Pentach loropheno l (PCP) was available for use as a bulk wood preservative In1947, however, Its use at the Site began In a p p r o x i m a t e l y 1968. PCP was a p p l i e d inheavy to fight petroleum carriers or solvents by pressure methods similar to those usedfor creosote treament. A 5% PCP solution was used at the Site.



L
Opera t i on s R e s u l t i n g In C o n t a m i n a t i o n with PCP and Creosote

W h e n the trea t ed wood was removed f r o m the pres sure c y l i n d e r and t r a n s p o r t e dto the yard for s t orage or s h i p m e n t , it d r p p e d . T h i s was e s p e c i a l l y true in hot weatherwhen maximum t r e a t m e n t ( F C T ) h a d been e f f e c t e d , f o r e x a m p l e t o meet F e d e r a ls p e c i f i c a t i o n s . This d r i p p i n g and exposure to dust and rain would be e x p e c t e d by CAIto re sul t in general c o n t a m i n a t i o n of the area. Process r e l a t e d c on taminat i on wouldbe e xpe c t ed to be h ighe s t in the T r o l l e y / T r e a t m e n t Area.
The t r e a t m e n t room conta ined a recessed work area around the t r e a t m e n tcylinder. The recessed area drained into a sump. The sum^ contained waste f r o m thetrea tment c y l i n d e r , s l u d g e drained f r o m the recessed work area, and water f r o ml e a k i n g p i p e s . The wastes were p u m p e d f r o m the sump into the top o f a s e p a r a t i o ntank easi of the t r ea tment room, see F i g u r e 1.b.1.
The t r e a t m e n t room was washed down p e r i o d i c a l l y to remove any oil film orresidue on the f l o o r . This wash water drained into the sump f r o m which it was p u m p e dinto a was t ewater h o l d i n g tank. W h e n full, the h o l d i n g tank was set on a forklif t ortrai l er and e m p t i e d as the tank was driven around the yard. Dust control was a sourceof general c on tamina t i on and the most l i k e l y source of contamination in the wood c h i ppite . Dust control wi th process w?ste was d i s c on t inued by MM) in 1982 at the d i r e c t i o nof MCE and ADPC&E.
W a s t e o i l f r o m c l e a n - u p o p e r a t i o n s in the t r e a t m e n t area was p e r i o d i c a l l yd e p o s i t e d in a "Sinkho' e" l o c a t e d near the t r e a t i n g c y l i n d e r room. D i s p o s a l in theS i n k h o l e was d i s c on t inued when the wa l l s c o l l a p s e d and it would no l o n g e r receivematerial. The S i n k h o l e was concreted over in 1982 at the d i r e c t i o n of MCE andA D P C & E .
C o n t a m i n a t i o n a l so occurred in non-treatment areas. Oil s 'udge was d u m p e dinto a "Railroad p i t c h Pit" located in the railroad r i g h t - o f - w a y no th of the treatmentcyl inder and treat ing room. Per i od i ca l ly the o i ly s l u d g e in the d i t o h would be burned.Olher areas i n c l u d e d the "Ash Pil e" (ashes f r o m a w o o d - f i r e d bo i l er located in thetreatment room), the t r o l l e y tr?cks l e a d i n g away f r o m the treatment c y l i n d e r and in yardareas used to store treated wood products. See 1.d for addi t ional details.
S t e a m condensat e was contaminated with PCP and d i s charged by p i p e over theside of the embankment and into the railroad ditch. S l u d g e was co l l ec t ed andd e p o s i t e d in various areas i n c l u d i n g s inkhol e s on the south east end of the S i t e .

1.C C h r o n o l o g y of Events at Arkwood P l a n t , Omaha, Arkansas.
Early 1 9 0 0 ' s

Site was d e v e l o p e d as an open pit mine for railroad b a l l a s t toconstruct railbeds for the Missouri Paci f i c Railroad.



1961
February 22 Hailie C. Ormond acquires the land f r o m the railroad that wi l le v e n t u a l l y become the Site .
1962

H.C. Ormond constructs t r e a t i n g p l a n t on-Si t e . C.C. "Bud" Gri shamsupervises operations of the treating f a c i l i t y on the Site as C.C. andMary Jo G r i s h a m , d / b / a as Arkwood Trea tment Company.
1965
J u n e 16

1967 or 1968

1969-1970

1970

1972

1973

March 29
1974
Augus t 13
1

Arkwood. I n c . ( A l ) incorporated t o operate t h e S i t e . I n i t i a ls h a r e h o l d e r s i n c l u d e : Hai l i e C. Ormond, C.C. Gri sham. Mary JoG r i s h a m , and Ina Ann Farmer.

PCP use begins.
P i p i n g used to t r a n s f e r b o i l e r blowdown waste.
Bob Barker hired as Plant Manager.
MMI f u n d s e x p a n s i o n o f AI and encourages purchase o f Reese TieCompany.
Bob Barker becomes Genera! Manager. Devoe Gregory becomesPlant Manager.

January 11 Hailie C. and J e a n Ormond lease the Site to Mounta in E n t e r p r i s e s ,inc. (MEI), a wholly-owned subs idiary of Mass Merchandi s er s , inc.(MMI) for twelve years. MMi assumes operation of the treatmentf a c i l i t y .
Af conveys all corporate assets to MEI in exchange for MMI stock.

Al Is d i s s o lv ed by MML



May 1 Missour i -Pac i f i c (MP) train derailment near the east end of railroadtunnel.

r

1981
Jan - Feb
May 19

October 6
October 22

Dec. 16
1982
W i n t e r
J a n u a r y 25
Feb 11
Apri l 14.15
May 26

!
J u n e 3
J u n e 29
July 26
July 26

MP railroad ini t ia t e s new construction on railroad tunne l , i n c l u d i n gblas t ing.
Arkansas Department o f P o l l u t i o n Control and Eco ' ogy (ADPC&E)field inspec tor and Boone County Sanitarian conduct inspec t ion ofthe MM! operation at the Site (As a result of a complaint received ofcontamination inside the railroad tunnel),
ADPC&E c o l l e c t s sediment and surface water sample s at the S i t e ,i n c l u d i n g sample s f rom railway tunnel in Walnut Creek.
M e e t i n g was held between ADPC&E, MMI - Wood Products Division,a n d M c C l e l l a n d C o n s u l t i n g Engineers ( M C E ) ( M M l ' s c on su l t an t s) t odiscuss prob l ems at the Site . ADPC&E requests s a m p l i n g andsur face housekeeping.
MMf submits A Site Correction S c h e d u l e to ADPC&L

MPR conclude s railroad tunnel construction.
I n s p e c t i o n of the Site by D. H u g h e s and M. Bates f r o m the ADPC&E.
MCE obtains soil p e r m e a b i l i t y tests.
MCE conduct s so i l , sur face and ground-water s a m p l i n g to de t erminethe extent of the contamination.
MCE u p d a t e s ADPC&E on Site A c t i v i t i e s . P r o d u c t i o n at MMI Site i sdown by 50%.
MMI asks the ADPC&E to wi thdraw Part A of the RCRA permita p p l i c a t i o n f o r t h e S i t e .
MCE conduct s s o i l , sur face and ground-water s a m p l i n g to determinethe extent of the contamination.
Tom Millard. en i n d e p e n d e n t c on su l tan t s p e c i a l i z i n g in naturalresource inventories , prepares a report on the geo logy of the Site.
MCE c o l l e c t ed water s ampl e s f or p e n t a G h l o r o p h e n o i (PCP) analysis.



A u g u s t 23 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f or ana ly s i s o fPCP.
October 9 MCE c o l l e c t e d s u r f a c e and g r o u n d - w a t e r s a m p l e s f or a n a l y s i s o fP C P .
October 30 MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s for analy s i s o fPCP.
December 14 MCE c o l l e c t e d s u r f a c e and ground-wat er s a m p l e s for ana ly s i s o fPCP.
1983
J a n u a r y 15 MCE c o l l e c t e d s u r f a c e and g r o u n d - w a t e r s a m p l e s f o r a n a l y s i s o fP C P .
J a n u a r y 31 MCE co l l e c t ed sur face and ground-water s a m p l e s for analysis ofPCP.
F e b r u a r y 23 MCE c o l l e c t e d s ur fa c e and ground-wat er s a m p l e s f or a n a l y s i s o fP C P .
April 1

May 3
May 27

J u n e 28

August 1

M C E c o l l e c t e d s u r f a c e a n d ground-wat er s a m p l e s f o r a n a l y s i s o fP C P .
M C E c o l l e c t e d s u r f a c e a n d ground-wat er s a m p l e s f o r a n a l y s i s o fPCP.
MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f o r ana ly s i s o fPCP.
MCE col l ec t ed surface and ground-water sample s for analysts ofPCP.
S a m p l e s taken.

S e p t e m b e r 7 MCE co l l e c t ed surface and ground-water sample s for analysis ofPCP.
S e p t e m b e r 30 MCE c o l l e c t e d s ur fa c e and ground-water s a m p l e s for analys i s ofPCP.
October 31 MCE c o l l e c t e d sur face and ground-water s a m p l e s for analys i s ofPCP.
N o v e m b e r 30 MCE c o l l e c t e d s ur fa c e and ground-water s a m p l e s for a n a l y s i s o fPCP.



1 9 9 4
J a n u a r y 6
February 3
F e b r u a r y 20
F e b r u a r y 28

March 5

March 12
March 23
May 11
J u n e 1

J u n e 14
Augus t 24
F a l l
October 7
December 7-
1985
J a n u a r y 11
April 14-17

MCE co l l e c t ed surface and ground-water sampl e s for analysis ofPCP.
MCE c o l l e c t e d s u r f a c e and ground-wa t e r s a m p l e s f or ana ly s i s o fPCP.
MCE c o l l e c t e d s u r f a c e and ground-wa t e r s a m p l e s f o r a n a l y s i s o fPCP.
MCE c o l l e c t e d sur fac e and g r o u n d - w a t e r sample"- f o r ana ly s i s o fPCP.
M e e t i n g h e l d between MMI (Erwin , Conner , and Bark* r) and BobBehrens (whose wel l water was c on tamina t ed by PCP/, where thesubjec t of MMI buying his land was discussed.
MMI t ender s an of fer to purchase f a r m f r o m Bob Behrens.
MCE co l l e c t ed sur fa c e and ground-water samples for analysis of PCP.
MCE c o l l e c t e d s u r f a c e and ground-water s a m p l e s f o r a n a l y s i s o fPCP.
M C E c o l l e c t e d s u r f a c e a n d ground-wat er s a m p l e s f o r ana ly s i s o fPCP.
MMI ceases wood treatment operat ions .
MCE collect s one water sample for analysis of PCP content.
MMI s e l l s and removes remaining i n v e n t o r y of treated wood andtreating materials f rom the Sit e .
M C E c o l l e c t a d d i t i o n a l s u r f a c e a n d ground-wat e r s a m p l e f o ranalys i s of PCP content.

19 MCE c o l l e c t e d sur fac e and ground-water s a m p l e s for analys i s o fPCP.

Twelve-year lease to MMI f r o m Haflia C. and J e a n Ormond expires.
G e r a g h t y & Mil l er , Inc . (GMI) co l l e c t s water sampl e s f r o m springs andw e l l s , and p e r f o r m s Ini t ia l so i l s boring program.
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April 29 C.R. barker f i l e d a C e r t i f i c a t e of Exemption and slated that the Sitewas c o m p l y i n g wi th 40 CFR 26T.5.
J u n e 4 - 5 G M I t I T Corporation ( I T ) , M c K e s s o n Environmental Services ( M E S )col lect water sampl e s f r om we l l s and s p r i n g s , soil sampl e s , ands a m p l e s o f s l u d g e f o r waste c h a r a c t e r i z a t i o n , p r e l i m i n a r yh y d r o g e o l o g i c i n v e s t i g a t i o n .
S e p t e m b e r 18 The Site is proposed for a d d i t i o n to the N a t i o n a l Priori t ie s List inERA'S U p d a t e No. 4, p u b l i s h e d in 50 F e d e r a l Regi s t er 37950 (date o fp u b l i c a t i o n S e p t e m b e r 1 8 . 1 9 8 5 ) , (based on a H a z a r d o u s RankingS y s t e m score of 34,21).
S e p t e m b e r
1986
May 15

August 15
S e p t e m b e r 20
December 1
1987
March 1
April 28
May 1' iMay 6
May 15
May 29
June 1

A meet ing was h e ld between MMI, MES and the ADPC&E to presents ta tu s of s i te i n v e s t i g a t i o n and present remedial action plans .

M M I a n d R e g i o n V I E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( E P A ) s ignA d m i n i s t r a t i v e Order o n Cons en t f o r Remedial I n v e s t i g a t i o n /F e a s i b i l i t y S t u d y ( R I / F S ) f o r t h e Sit e .
Arkansas f i l e s suit i n S t a t e Court against P R P ' s .
Mary Burke becomes owner
G M I submit s R I / F S Plan

CAI begins work on Ri/FS Plan
EPA sues for access on b eha l f of MMI,
EPA writes l e t t e r t h r e a t e n i n g p e n a l t y If access i s not granted to MMI.
CAI visits Site and takes water samples.
CAI visits Si t e and begins Alt erna t e Plan
CAi submits Draft Report
C A i submits R I / F S P l a nH e a r i n g - Boone C o u n t y Chancery Court

11
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1 * 0 F a c i l i t y D e s c r i p t i o n / C o n t a i n m e n t S y s t e m s

The current Site I m p r o v e m e n t s include no Intact b u i l d i n g s , several f o u n d a t i o n s ,one shed s tructure, one de ep we l l , a f ence with gate , underground p i p e s and powerpotes. Several small areas show surface ur and discarded steel band scraps aref ound on the embankment over look ing the railroad. A sawdust p i l e Is located In themost s ou thea s t e rn e x t r e m i t y of the excavated area. A quant i ty of tires and residuea f t e r burning (steel b e l t s ) are located on the southeast extremity of the Site .
Deta i l ed Insight into the Site condi t ion In 1981 Is provided by the s t udy of reportso' ADPC&E. R. David Orr of ADPC&E arrived at the Site on J u n e 19. 1981acoompsried by Mike Y o u n g b l o o d , Boone County S a n i t a r i a n , of the ArkansasDeoartnv it of H e a l t h . T h e y met Mr. Roy Horn of MMI and I n f o r m e d Mr. Horn of thecot. p l a i n t tha t had been received concerning bad l o o k i n g water coming f r o m a s p r i n gI n s i d e a railroad t u n n e l ad ja c en t to the Site . Mr's Orr and Y o u n g b l o o d asked for abrief tour of the Si t e .
The treatment process at the Site was observed by ADPC&E to involve steampressure treatment of wood po s t s with p e n t a c h l o r o p h e n o l and creosote on a f o u r - d a ycycte. After t r e a t m e n t , the wood po s t s were p i l e d In small groups to cure. Mr.'a Orrand Y o u n g b l o o d observed no means cf containment of excess wood treatmentchemical* below the p i l e s of wood posts. Several poo l s of blackish water werereported as observed on the Site and adjacent to the Sit e along a railroad r i g h t - o f -way.
After the tour of the treatment process, Mr.'s Orr and Youngb lood drove along therailroad tracks to a tunnel where a repair crew was repairing tracks and were met byMr. Gary Benham, MPC Motor Car Operator. Ins id e the tunnel, Orr and Youngbloodreported observing a spr ing f l o w i n g f r o m the north side which di s charged throughmetal pipes . The water appear ed clear, Further Ins ide th e tunne l , another spr ingf lowed about 30 f e e t above the tracks. The water appeared somewhat clear but f u r t h e rdown the di t ch, It formed an oil film on the surface and stained the walls and dirtsurfaces. On the east side of the tunnel, more oil film was observed which collected Inpools. The drainage f l o w e d off the railroad track r igh t-o f-way into a large pool of waterwhh a thick brownish oil film on top. F u r t h e r s t udy showed that th i s drainage f l o w e dInto Barren Creak.
Sample s were taken by Orr on the east side of the tunnel (sample #1), Inside thetunnel at the west end below westside spr ing on the south side ( s a m p l e #2} end at thespring on the north side of the tunnel ( s a m p l e #3). The f o l l o w i n g are the re su l t s ofanalysis of these samples for p e n t a c h l o r o p h e n o f :
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S a m p l e # Log # D e s c n ' p t i o n P e n t a c h l o r o p h e n o l

r
cc
c

1 24503
2 24504
3 24505

East S i d e o f T u n n e l
Ins id e Tunnel at Westend
N o r t h S i d e S p r i n g

8.56 m g / l
2.1 mg/ l

not detected
MM) had n o t i f i e d AOPC&E that the Site, under RCRA, was a generator ofhazardous waste. Mike Bates of ADPC&E visi ted the site on October 5 and 6, 1981.for the p u r p o s e of c o n d u c t i n g an in t er im RCRA s ta tu s s t a n d a r d s i n s p e c t i o n and tof o l l o w - u p the Initial complaint and visit by Mr.'s Orr and Y o u n g b l o o d of J u n e , 19th.Bob Barker and Devoe G r e g o r y of MMI Wood Produc t s G r o u p s u p p l i e d backgroundi n f o r m a t i o n for the Site visit dur ing a mee t ing with Mike Bates on October 6 ,1981 .

Mr. Mike Bates r epor t ed tha t according to Mr. Barker and Mr. Devoe of MMI, wastef rom the wood treat ing operation had been p laced into the S i n k h o l e at the Site f r o mthe b e g i n n i n g of the operat ion u n t i l around 1970. The S i n k h o l e was then covered byboarding the entrance and covering It with a layer of dirt . The entrance was f l u s h withthe ground surface as of Mr. Baths' visit on October 6,1981. As of October 6 ,1381,process waste re su l t ed f r o m the wash down of the treatment room f l o o r and residuesf r o m c l e a n i n g of the t r ea tment c y l i n d e r between the use of p e n t a c h l o r o p h e n o i andcreosote. T h e s e wastes were accumulated In a tank and t h & i sprayed over thestorage yard for dust control . Mr. Barker e s t imat ed that MMI generated a p p r o x i m a t e l y500 g a l l o n s / y e a r of these wastes. S t e a m was also used in the treatment process, thesteam was said to be reused In the process. Some of the steam was bled off todi scharge behind the o f f i c e b u i l d i n g ad jac en t to the Missouri P a c i f i c railroad tracks.
Mr. Bates reported that the Site could have been c la s s i f i ed as a Small QuantityGenerator under RCRA, according to the generat ion amounts f u r n i s h e d by Mr. Barker,ff MMI had disposed of their was4? proper ly . As of October 5 ,1981 , Mr. Bates reportedthat MMI was d i s p o s i n g of waste i m p r o p e r l y at the Site by spr ead ing the material fordust control and by d u m p i n g it in several p lac e s at the northeas t ern end of the irp r o p e r t y near H i g h w a y 65. The frequency of these "dumpings" were approx imat e lyevery three weeks according to a Roy H o r n , t r ea tmen t p l a n t manager. The areaaround the treatment p l a n t was saturated with the treatment chemicals. There werepools of oily material around the treatment cylinder and the storage tanks. The tankswere not diked (with the ex c ep t i on of the raw p e n t a c h l o r o p h e n o i storage tank) nor wasthere any t y p e of containment to prevent the washing of the oily substances off-Siteduring rains. The storage yard where the treated wood products were taken to "cure"was saturated in many areas with what appeared to be the treatment chemicalsteaching from tha wood products. Mr. Horn Indicated to Mr. Bates that this saturatedsoil was scooped out p e r i o d i c a l l y and p i l ed up along the entrance road when thestorage areas got too mushy to operate the machinery.
Mr. Bates reported that signs of the steam bleed * off di scharge mentionedprev iou s ly existed on the s l o p e behind the of f ice b u i l d i n g . The s l o p e below the
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di scharge p i p e s was oil s ta ined; at the base of the stained area there was ani m p o u n d m e n t which contained a black o i l y l o o k i n g l i q u i d . Mr. Horn had said to Mr.Bates that no th ing had been discharged through the p i p e s except steam and thatn o t h i n g had been put in the i m p o u n d m e n t for years. The i m p o u n d m e n t wasa p p r o x i m a t e l y 1 5 ' X 4 0 ' , d e p t h unknown. T h e r e w a s a p p r o x i m a t e l y 2 ' o f f r e e b o a r dwith no evidence of o v e r t o p p i n g . The i m p o u n d m e n t was l o ca t ed a d j a c e n t to theM i s s o u r i P a c i f i c ra i l road a p p r o x i m a t e l y 4 0 0 ' northwes t o f t h e r a i l r o a d t u n n e lmentioned in the ini t ia l c ompla in t .
At the time of Mr. Bates' v i s i t , the railroad tunnel was s i tuated in anor thwe s t / s ou th ea s t l ine and is a p p r o x i m a t e l y 1/2 - 3/4 of a mi l e in l e n g t h . T h e r e hadbeen a construction crew working on the northwest entrance of the tunnel to widen it.T h e i r work had r e p o r t e d l y involved a cons iderab l e amount of b l a s t i n g . Gary Benhamwith the construction crew accompanied Mike Bates into the tunnel on October 5,19iM. T h e r e were three s p r i n g s in s ide th e t u n n e l ; th e f i r s t o f which ( a p p r o a c h i n g f r o mthe n o r t h w e s t ) was l o ca t ed about h a l f w a y t h r o u g h the tunne l on the northern side. Theother two were lo ca t ed in the southeast one third of the t u n n e l , d i s c h a r g i n g f r o m thesouth side o f the t unne l . The f ir s t two s p r i n g s d i s charged t h r o u g h p i p e s imbedded inthe tunne l wall a p p r o x i m a t e l y 20-30' above the tracks. The s ou th ea s t e rn most s p r i n gbroke out near the roo f . Mr. Benham s tated that the crew c o m p l a i n e d that the sprayfrom the springs burned their eyes.
The water in the ditches along the tracks was brown in color and had a darkbrown to black film on the sur face . The t u n n e l wal l s and s ide s of the d i t c h e s were oilstained. Both di t che s showed signs of contamination, however, the southern ditcha p p e a r e d to be more heavi ly contaminated .
The southern d i t c h f l o w e d s o u t h e a s t e r l y f r o m the tunne l f or about 1000 ' b e f o r e i td r o p p e d o f f in to a d e p r e s s i o n termed by the p o i n t s o f two r i d g e s i n t e r s e c t i n g therailroad. The trees growing in the bot tom of this d e p r e s s i o n had oil stains on them upto 12" above the present l eve l of the water (wi th oil film). This d e p r e s s i o n was thereceiving point of three drainage patterns. Mike Bates did not observe a drainagepoint under the railroad. This d e p r e s s i o n could p o s s i b l y have been a s inkho l e . MarkWither spoon of ADPC&E agreed with Mike Bates about the p o s s i b i l i t y of a s inkhole butindicated that a closer s tudy would be needed to c on f i rm ft.
The northern d i t c h also f l o w e d in a s o u t h e a s t e r l y direc t ion for about 1000' b e f o r eturning north and d r o p p i n g s h a r p l y to intersect W a l n u t Creek on the eastern side of therailroad. The t u n n e l s p r i n g s a p p e a r e d to be s u p p l y i n g most of the water In W a l n u tCreek as of October 5 ,1961. The creek bed was dry a p p r o x i m a t e l y 600' downstreamf r o m the point where the tunnel s p r i n g water intersected with the creek. The rocks inthe dry bed of W a l n u t Creek were t in t ed brown whereas the rocks of an i n t e r s e c t i n gI n t e r m i t t e n t l y wet stream from the northeast (dry also) were not. This could have beenan indication of the past f l o w of contaminants down Walnut Creek.
Mr. Bates d e t e rmined that there were a p p r o x i m a t e l y 14 homes which usedIndividual wells as drinking water within a mile radius of the S i t e , assuming that all ofthe residences wi th in the city l i m i t s of Omaha were on city water and d i s c ount ing thehomes along H i g h w a y 65 which should also have been on city water.
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The Omaha c i t y water s u p p l y i s a we ir io ca t ed in th e NE1/4 , NE1/4 Sec.2 7 T 2 1 N R 2 1 W , I n s i d e the city l i m i t s near the Post Off ice . This well Is also within onemile of the Site, the total d e p t h of the well is 1315* with a casing d e p t h of 60'. A wellwater s a m p l e was taken f r o m the S i t e . The d e p t h of the Site well was unknown/however, Mr. Horn s ta t ed that the p u m p ( s u b m e r g a b l e ) was set at 920'.
ADPC&E received another complaint f r om a representative of the railroad whocharged that the Site was r e l ea s ing l iquid wood preservatives out of a h o l d i n g areaand that the material was g e t t i n g into a railroad tunnel . The complaint also s ta t ed thatrailroad personnel were g e t t i n g sick f r om the f u m e s in the tunnel . This c ompla in t wasconsidered by Mike Bates to have some validity. Mr. Bates believed that wood treatingchemicals were in fac t g e t t ing into the tunne l , however, as stated earlier, Mike Batesdid not observe any d i s charge or evidence of the o v e r t o p p i n g of the d ik e s of thei m p o u n d m e n t below the Site. The railroad p er s onne l may have been j e t t i n g sick f r o mf u m e s I n s i d e the t u n n e l , but Mike Bates thought that the f u m e s most l i k e l y came fromthe train engine exhaust, e s p e c i a l l y since the trains had to travel at a slow speedt h r o u g h the t u n n e l ( c o m p l a i n t r epor t ed 10 mph).
Mike Bates considered the Site as operated by MM! In 1981 to be a serious threatto the groundwater and surface water quali ty in the area. The representatives of MMIwere said to have voiced the ir w i l l i n g n e s s to cooperate and do what was necessary,w i t h i n t h e i r means, to a l l e v i a t e any environmenta l d a m a g e s t e m m i n g f r o m t h e i roperat ion. In Mike Bates' op in i on , there were several t h i n g s that needed to beaccomplished.

1. S e a l the S i n k h o l e , with concrete or o ther water t i g h t m a t e r i a l , to prevent anycontaminants f r om en t er ing it .
2. Cease the o n - S i t e d u m p i n g or s p r e a d i n g of wastes fom the treatment process.
3. Cl ean up all contaminated soil on-Si t e and p r o p e r l y d i s po s e of It.
4. E s t a b l i s h d r i p pads and r u n o f f containment f r om the treated wood productsstorage area.t5. El iminat e any oi ly discharge and close out or maintain the i m p o u n d m e n taccording to RCRA.
6. Determine the source of contaminat ion inside tunnel and I m p l e m e n t measures tocorrect it.
7. Clean up all off-Site contamination.
8. S a m p l e residential wells in the area for presence of contaminants.
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I d e n t i t y
Two wood pre s ervat ive mixture s were used at the Site. The wood preservativeused f r o m 1962-1965 was e x c l u s i v e l y a mixture of 50% creosote and 50% No. 6 roadoi l . B e g i n n i n g in 1968, a s i z e a b l e p e r c e n t a g e o f p o s t s were created w i t hp e n t a c h l o r o p h e n o l (PCP) mixed with wood tr ea t ing oil (#3 diesel f u e l with as u sp en s i on a d d i t i v e ) to give a 5% wood t r e a t i n g s o l u t i o n {5% PCP and 95% oil). Bothpre s erva t ive mix tur e s were a p p l i e d in the same manner in the wood tr ea tmentprocess. The t r ea tment process consi s ted of a s i n g l e p r e s s u r e - c y l i n d e r in which thewood was treated.

C r e o s o t e
Creoso t e remains the pr imary wood pre servat ive used in the U n i t e d S t a t e s . It i sd e f i n e d by the i n d u s t r y t o d a y as a distillation produc t of coal tar produc ed by the h i g ht e m p e r a t u r e carbon iza t i on o f b i t u m i n o u s coal. I t h a s a b o i l i n g range o f 3 9 0 ' F t oa p p r o x i m a t e l y 750 t p. Other q u a l i t y control s p e c i f i c a t i o n s such as s p e c i f i c gravi ty,water content , etc. have been es tabl i shed by the industry. Creosote is composedp r i n c i p a l l y o f h i g h e r m o l e c u l a r w e i g f c aromatic hydrocarbons in a d d i t i o n to tar acidsand bases. This preservative ha? 200 or more i d e n t i f i e d c omponen t s , but less than 20are present in anounts e x c e ed ing 1%. It is e s t imated that 10,000 or more compoundsare pre s en t in creosote. C o m p o s i t i o n s vary with batch l o t s , d e p e n d i n g on the coalsource and p r o d u c t i o n c o n d i t i o n s . The m a j o r c o m p o n e n t s o f t y p i c a l s a m p l e s arephenanthrene (21%), f l u o r e n e and f l u o r a n t h r e n e (each 10%} and acenaphthene andpyrene (each about 9%).
Creo s o t e is used d i r e c t l y or in c o m b i n a t i o n wi th coal tar or p e t r o l e u m oil.C o m m o n l y , it is mixed wi th a " t o p p e d " coal tar to increase the heavy aromatic contentand t o x i c i t y to soil or marine organi sms in a d d i t i o n to o ther p h y s i c a l or chemica lp r o p e r t i e s d e s i r ed of wood t r ea tmen t . " T o p p e d " coal tar has had the l ight b o i l i n gf r a c t i o n removed by d i s t i l l a t i o n . The p e r c e n t a g e of " topped" coal tar used varies f r o m20-50% to the f inal produc t b l end . Higher costs of p e t r o l e u m and re la t ed produc t shave a f f e c t e d b l e n d s of creosote/coal tar or pet, o l eum s o l u t i o n s ana b l ended to meetthe AWPA s p e c i f i c a t i o n s . It can be done at the t r e a t m e n t p l a n t , but typical ly Ispurchased pr emix ed .
The q u a n t i t i e s and t y p e s of wood p r o d u c t s t r ea t ed na t i onwide in 1961 withcreosote s o l u t i o n s are as f o l l o w s :
P o l e s
Cross t ie s
Lumber and T i m b e r s
Fence pos t s

1,129,000 number
32,862.000 number
113,048,000 board f e e t
6,568,000 number



P i l i n g s
S w i t c h t i e s
Crossarms

18.422.000 linear f e e t
76,757,000 board f e e t
93,000 number

In t h e late 70 ' s methods were deve l oped f or pressure treatment which u t i l i z edv o l a t i l e so lvent-carrier s . The C e l l o n ® Process i s done wi th l i q u i i i e d p e t r o l e u m gas(LPG) extract ion f o l l o w e d by pre s sure a p p l i c a t i o n o f PCP on d i i s o p r o p y l e ther TheDow® Process used m e t h y l e n e ch lor ide as the so lvent-carrier for p e n t a c h l o r o p h e n o l .Both prov ide a c l eaner n o n - o i l y s u r f a c e l i g h t e r In color and more a e s t h e t i c a l l yacceptable .
Creoso t e s o l u t i o n s are u s u a l l y a p p l i e d alone. H o w e v e r , th ey may be used aspart of a dual t r e a t m e n t system where s p e c i f i c a d d i t i o n a l pre s ervat ive p r o p e r t i e s areneeded. M i x t u r e s of creosote and o ther pre s ervat ive s have been used in the p a s t , butare not currently used in commercial operat ions . Creosote containing 2% PCP hasincreased t o x i c i t y to soil o r g a n i s m s , but creates corrosion p r o b l e m s wi th t r e a t i n gequipment. As a r e s u l t , its use is very l i m i t e d .

P e n t a c h l o r o p h e n o l
P e n t a c h l o r o p h e n o l use became p o p u l a r in the mid 1960'6 and became thesecond most commonly used wood pre s ervat ive in the U n i t e d S t a t e s by the 1980's.Records indicate that 39,730,000 pound s of dry PCP was used in 1979. This does notI n c l u d e the s od ium s a l t f o r m used for dip and spray a p p l i c a t i o n s to green lumber. PCPis used p r i m a r i l y as a 5% s o l u t i o n in p e t r o l e u m so lvent carriers to treat p o l e s ,c / o s s arms , l u m b e r , t i m b e r s , f e n c e p o s t s , and o ther a p p l i c a t i o n s where a c lean,p a i n t a b l s s u r f a c e i s not required. The p e t r o l e u m carriers most c ommonly used forthese purposes are the P-9 T y p e A or Type C oils. Type A Is a l i g h t oil s imi tar to t ieself u e l . Type C solvent is a p e t r o l e u m f r a c t i o n with a b o i l i n g range comparable to mineralsp ir i t s . In & few s p e c i a l i z e d a p p l i c a t i o n s , a wax w a t e r - r e p e l l e n t has been added withPCP in a solvent carrier, such as Type C oil.

, In th e early 1980 ' s u s e o f PCP with more v o l a t i l e s o l v e n t s , which qu i ck lyevaporated f r om the wood a f t e r I m p r e g n a t i o n , gave a cleaner, less colored, andp a i n t a b f e treated sur face . The most common of these Is a combination of LPG andether, licensed by K o p p e r s Company as the C e i l o n Process. A n o t h e r v o l a t i l e solventsystem, P-9 Type D uses m e t h y l e n e ch l o r id e by the Dow Process. Both of theseprocesses, whi l e p r o v i d i n g e x c e l l e n t r e su l t s f o r ground contact a p p l i c a t i o n uses,accounted for only a very small f r a c t i o n of the total PCP treatments.
Only three companies manufac tured PCP In the Uni t ed S t a t e s in 1981. T h e ywere Dow, R e i c h h o l d , and V u l c a n Chemical . PCP was produced In f l a k e f o r m or as1,000* and 2,000-pound ( c y l i n d e r s h a p e d ) blocks. Some commercial sources alsosuppl i ed PCP already dissolved in oil solutions delivered by tank truck to treatingplants. MMI purchased PCP as oil solutions.
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At larger p l a n t s , the b lock PCP is t y p i c a l l y d j s s o l v e d in oil or so lvent In the t r e a t i n gc y l i n d e r or tank, d i l u t e d to the final use c onc en tra t i on , and then p u m p e d to storage.Automated f e ed h o p p e r silo systems are available for f l a k e d POP, It f s f ed f rom bulks torage m e c h a n i c a l l y to the mix tank, oil is a d d e d , and the mixture heated to d i s s o lv e -the PCP. After Qual i ty Control checks, ft Is p u m p e d to storage for use as needed.Manual d u m p i n g and mix ing of f l a k e PCP f r o m bags only occurs at s m a l l e r treatmentoperations for l imi t ed a d d i t i o n s to s o l u t i o n s to bring PCP concentration up to therequired minimum s t r eng th . Al only used sacks of f l a k e d PCP.
Commercial PCP manufac tur ing results In the formation of secondary reactionc o n t a m i n a n t s such as the tri- and t e tra- c h l c r o p r u n o l I s o m e r s , c h l o r i n a t e ddibenzodioxins, d i b e n z o f u r a n s , and phenoxyphenol s . To a much lesser extent, this isalso true of the Dow C h e m i c a l , Dowicide EC-7. This has been s p e c i f i c a l l y processedto remove most of the side reaction d i o x i n c o m p o u n d s of env i ronmen ta l andoccupat ional concern. C o m p o s i t i o n a l da ta on PCP and the Dowicide EC-7 are shownin the t a b l e below.

C O M P A R I S O N O F C O M P O S I T I O N O F C O M M E R C I A L G R A D EA N D P U R I F I E D G R A D E P E N T A C H L O R 3 P H E N O L ( P C P )

Component
P e n t a c h l o r p h e n o lT e t r a c h l o r o p h e n o lT r i c h i o r o p h e n o lC h l o r i n a t e d p h e n o x y p h e n o l sOctachlorodioxinsH e p t a c h f o r o d i o x i n sH e x a c h l o r o d i o x i n sO c t a c h l o r o d i b e n z o f u r a n sH e p t a c h l o r o d i b e n z o f u r a n sH e x a c h l o r o d i b a n z o f u r a n s

Commercial*(Dowicide 7)
68.4%4.4 %0.1 %6.2 %2500 ppm1 2 5 p p m4 ppm80 ppm80 ppm30 ppm

P u r i f i e d *(Dowicide EC-7)
S9.8 %10.1 %0.1 %~15.0 ppm6.6 ppm1.0 ppm1.0 ppm1.8 ppm1.0 ppm

•Sample 0522 A"Technical grade PCP reduced by distillation
The Dow product was more expens ive due to the Increa s ed c o m p l e x i t y of thed i s t i l l a t i o n process. The increased costs hampered sales and Dow Chemica ld i s c o n t i n u e d the m a n u f a c t u r i n g of the EC-7 produc t line. The EPA Pos i t i onDocument-4 on Wood Preservative P e s t i c i d e s (July 1964) discusses the chemicalIndustry's ab i l i ty , but resistance to producing an environmentally sa f e product. T h i sreluctance has Indirectly but obvious ly contr ibuted to the p o t e n t i a l p rob l ems at theSite.
The product mix at the Site (creosote-treated p r o d u c t s versus PCP-trea t edproduc t s) varied from year to year d e p e n d i n g upon consumer demand. Both treatmentproduc t s are major sources of the Site contamination.
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D E S C R I P T I O N O F S A M P L E S T A K E N O N O C T O B E R 6 , 1981

2

3

4
6
6
7
6
0

D e s c r i p t i o n

D u m p area - sawdust and o i l y material - black - a p p r o x i m a t e l y 350' NWof H i g h w a y 65 near NL: p r o p e r t y .
Dump are - sawdust and oil material - black • a p p r o x i m a t e l y 100" SW ofSite S a m p l e no. 1.
V/at er f r o m dra inap p i p e l e a v i n g p r o p e r t y NW o f o f f i c e - l i g h t brown -f oamy.
W a t e r f r o m o f f i c e * (wel l on Site) - p u m p s e t a t 920' .
W a t e r f r o m W a l n u t Creek.
North RR d i t c h (SE of t u n n e l ) where It d r o p s to W a l n u t Creek - water
S o u t h RR d i t c h d i r e c t l y across f r o m Site S a m p l e no. 6 - water.
Discharge behind Arkwood office - water.
SE corner of impoundmen t below Site S a m p l e no. 8 - s ediment.
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RESULTS OF SAMPLES TAKEN^ ON O C T O B E R 6, 1981
S a m p l e D e s c r i p t i o n

#1; On-site dump - sediment
#2; On-site dump- sediment
#3: Discharge p i p e - water
#4: On-site well - water
#5: Walnut Creek • water
#6: Railroad d i t c h - water
#7: Railroad di t ch - water
#8: Steam dif oharge - water
#9: I m p o u n d m e n t - sediment

P e n t a c h l o r o p h e n o lde t e c t ed ( p p m )
30,000
23,000

18
<0.01

2,6
3.4
2.0
21

5600

b

G

W a s t e Q u a n t i t y C a l c u l a t i o n
The q u a n t i t y of POP and creo so t e der ived waste at the Site has beencontroversial.
U p d a t e No. 4 to the NPL propsed an HRS score of 34,21 for the Si t e . Thiscalculat ion was based, in part on an estimated total quantity of waste of 6,234 tons.T h i s estimated quantity of waste was gros s ly overestimated. The quantity cited by EPAwas based on three separate i tems:

1. Es t imate s Bob Barker of MM! stated to ADPC&E repre s entat ive s in 1981 that the1 p lan t produced a total of 500 gal lons of waste per year during his tenure. TheHRS calculation in U p d a t e No. 4 m u l t i p l i e d this 500 g a l l o n per year f i g u r e by the22 yoars that the p lan t was in operation, for a total of 11.000 gallons. CAI hase s t imated the to ta l waste to be 8,600 g a l l o n s , if the oil is i n c l u d e d , or 148 g a l l o n sof PCP and 1,771 g a l l o n s of creosote.
2. The Railroad Ditch Pit contains s ludge and soil contaminated with creosote andpentachlorophenol . The volume of the Railroad Ditch Pit was estimated to bs 67cubic yards (40 f e e t long, 15 f e e t wida, and 3 f e e t deep). CAI has estimated that1.5 cubic yards of PCP exist s In the Railroad Ditch Pit.
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3. The S a w d u s t Pile at the east end of the Site was e s t i m a t e d to be 6,111 cubicyards (275 f e e t l ong, 150 f e e t wide and 4 f e e t d e ep). CAI e s t imate s that less than1 Ib of PCP remains in the sawdust.
MMI, via i t s a t torney Alan G a t e s , took issue with EPA and correct ly c o m m e n t e d 'that the waste quant i ty calculat ions for the Site i m p r o p e r l y recorded wastes more thanonce and consequently, overstated the value used in the MRS scoring for total quantityof waste. •
A d d i t i o n a l important point s were made in a l e t t e r f rom Alan Gate s , attorney forMMI, to EPA, Gates pointed out that the f ir s t item fn EPA's calculations represented ane s t imat e of waste generated over the o p e r a t i n g l i f e o f the p lan t . The second item, therailroad d i t ch , Is one of the areas where these same wastes were p la c ed . T h u s , all ofthe wastes placed in the railroad ditch were already counted once as part of Item No.1. It was I n a p p r o p r i a t e to count the wastes a second time as part of Item No. 2. Theto ta l volume of the c on taminat ed soil in the railroad d i t c h is u n d o u b t e d l y l a r g e r thanthe volume of waste which is c o n t a m i n a t i n g the soil. Gates' po in t was that under theHazard Ranking S y s t e m , It is i n a p p r o p r i a t e to base a score on the total volume ofcontaminate soil or o ther contaminated matrix at a S i t e . Only the amount of thec o n t a m i n a t i n g hazardous substance is to be i n c l u d e d In the waste quant i ty ca l cu la t ion.U n c o n t r o l l e d H a z a r d o u s W a s t e Site Ranking User s Manual . 47 F e d e r a l Regi s t e r31187, at 31229 ( p u b l i s h e d July 16.1982). CAI calculated the PCP in the RailroadDitch Pit to be 1.5 cubic yards.
Item No. 3 in the ca l cu la t i on of to tal waste represented another s i g n i f i c a n t error inthe estimate of waste quantity. The p i l e of sawdust and shavings at the east end of theSite had been generated by wood p l a n i n g equipment and had been used e x c l u s i v e l yon un tr ea t ed wood. The sawdust and shav ings t h e m s e l v e s o r i g i n a l l y contained notreatment chemicals. Evidence obtained by MMI indicated, however, that the sawdustpi l e . in 1986, was only contaminated with p e n t a c h l o r o p h e n o l In the low parts perm i l l i o n range.* The most reasonable source of the pentach loropheno l observed In thesawdust p i l e w a s derived f r o m B o b B a r k e r ' s s ta tement that M M I ' s used t h e l i q u i dwastes inc luded on Item No. 1, above, for dust control purpose s .
The wastes in the sawdust p i l e , ju s t as In the case of the Railroad Ditch Pit, werecounted twice; by EPA first as part of Item No. 1, and second as part of the sawdustpi l e . I n c l u s i o n of the entire volume of the sawdust p i l e i m p r o p e r l y added a substantialvolume of soil and sawdust.
MMI, via i t s a t torney, Alan G a t e s , noted that th e d imen s i on s a t t r i b u t e d t o th esawdust p i l e by EPA overstated Its volume by more than two orders of magnitude.MMI pho t ographed and surveyed th e sawdust p i l e . MMI's measurements indicated

The documentation Record of EPA's MRS scoring Indicates that the sawdusl pile was Inducted En thecalculat ion of waste quantity because two 1979 son and sawdust s ampl e s taken by the ADPC & E showedpamachlorophenol contamination at levels of 30,000 and 23,000 ppm. MM! questioned ihe levels ofp e n t a c h t o r o p h e n o l reported in these sample s and they took three samples f r o m three different portionso f t h e sawdust p i ' s f o r I n d e p e n d e n t v e r i f i c a t i o n . The s a m p l e s taken by MMI were analyzed by th eM c K e s s o n Environmental Services Laboratory In Dublin, CA, The analytical results showedpenrachlorophenol at 0.5 ppm, 2.1 p p m , and 170 ppm.



that the sawdust p i l e had a s u r f a c e area of 2,108 square f e e t and an average d e p t h ofsix to nine inches. T h e s e d imens i on s resulted in a t o t a l volume of l e s s than 60 cubicyards. CAI e s t i m a t e d that in May 1987, the volume of the Sawdus t Pile was l e s s than40 cubic yards.
W h y w a s there such a l a r g e d e s c r epancy f o r t h e S a w d u s t P i l e ? E P A ' s e s t imateof 6 ,111 cubic yards for the volume of the sawdust p i l e had been based upon an April1985 memorandum f r o m Doice H u g h e s , a g e o l o g i s t wi th A D P C & E . to Tim Perdue int h e EPA Region VI Of f i c e . MMI discussed i t s p h o t o g r a p h and survey with Mr. H u g h e s .Mr. H u g h e s i n d i c a t e d that the d imens ions he o r i g i n a l l y r epor t ed to EPA were o n l y anestimate la t er i n d i c a t e d that he d id not quest ion the accuracy o f MMi's measurements.
M M I , v i a i t s a t t o r n e y , A l a n G a t e s , s u g g e s t e d that e l i m i n a t i o n o f I t e m N o . 2 , t h erailroad d i t ch , and Item No. 3, the sawdust p i l e should result in a HRS scoring value of2 for q u a n t i t y of wastes. 47 F e d . Reg. 31187, at 31229 ( p u b l i s h e d July 1 6 , 1 9 8 2 ) . Thisnew scoring value f o r waste q u a n t i t y r e su l t ed in th s f ina l HRS score f or th s Si t e b e ingreduced f r o m 34.21 to 26.32.
T h r e e m a j o r areas of p o l l u t i o n have ex i s t ed at the Site; 1) s u r f a c e , 2) s u b s u r f a c e ,and 3) d u m p sites. "-
Some sur fa c e c o n t a m i n a t i o n remains at the Site. Most of th i s c on tamina t i on is aheavy black sol id re s embl ing road tar. T h i s sur face contamination can be eas i lyremoved, is i n s o l u b l e and p r e s e n t s no risk to groundwat er . T h e r e is also an areacovered by the remains of a sawdust p i l e . S u r f a c e c o n t a m i n a t i o n by PCP or thes o l u b l e c omponen t s of creosote, except in newty eroded areas, is not very l i k e l y . Ane x p l a n a t i o n f o r t h i s s ta tement f o l l o w s .
The Site Is a p p r o x i m a t e l y 20 acres or 860,000 sq ft in area and receives 45inches o f ra in fa l l p er year. T h e r e f o r e , about 25,000,000 g a l l o n s o f water fa l l s d i r e c t l yon the Site each year. The Site ceased o p e r a t i o n s in 1984. T h e r e f o r e , a p p r o x i m a t e l y75,000,000 g a l l o n s of water has s u b s t a n t i a l l y washed away most s u r f a c econtamination. If one assumes that 500 g a l l o n s of waste was present on the surface in1334, any waste component with an average s o l u b i l i t y of 7 ppm would have beenc o m p l e t e l y d i s s o l v e d and washed away. The s o l u b i l i t i e s of creosote and PCP exceedthis l eve l . A to ta l of 1,050 g a l l o n s of pure PCP (only 190 g a l l o n s have been es t imatedto have been released f r o m 1968 to 1984) could have d i s s o l v e d in 75,000,000 g a l l o n sof water. Over 20,000 g a l l o n s of 5% PCP treatment s o l u t i o n could be f o r m u l a t e d f r o m1050 g a l l o n s of P C P . In a d d i t i o n , the water ex i t s the Site r a p i d l y , causing erosion andcarrying with it s ur fa c e part i c l e s .
The Site sawdust p i l e is s t e a d i l y shrinking. It is u n l i k e l y that PCP or any waters o lub l e contaminant remains In the sawdust above 1 ppm for the same reasonsdiscussed for the Site in general. Assume that the sawdust is one f o o t thick and thatfor each sq ft of sawdust, 10-12 cu ft of water has p ene tra t ed since the p l a n t closing. IfPCP Is s o l u b l e at 14 ppm En water, the sawdust would have been cleansed of 140 ppmof PCP, The sawdust p i l e was analyzed in 1986 and f o u n d to have 0.5. 2.1 amd 170ppm of PCP present at the surface.
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S u f c - S u f f a c e • General •
If we assume that ground-water moves linearly at a rate of 1 ft/hr, the Site wouldhave been transversed by about 20 c o m p l e t e changes of water since the c l o s ing of thsp l a n t In 1984. Any d i s s o l v e d contaminant In s o l u t i o n should have moved f o r m the Si t eff the groundwater moved as little as 1 f o o t per day.

f eub-Suriace - S p e c i f i c
If, for e x a m p l e , we consider a 500 f o o t wide column of ground water s tar t ing 20'below the sur face (bsi) and e x t e n d i n g to 70' bsl which made up 1% of the volume andmoved at a rate of 1 ft/hr, about 500 X 50 X 0.01 X 20,000 « 5 X106 cu f t or about 4 X107 g a l l o n s would have passed through the Site since It was closed. This amount ofwater could d i s p l a c e 560 galons of POP at 14 ppm or 21,400 g a l l o n s of toluene at 535ppm or 71,000 g a l l o n s of benzene at 1,770 ppm. T h e s e f i g u r e s suggest that If Sitep o l l u t a n t s were e q u a l l y d i s t r i b u t e d and a v a i l a b l e to bo s o l u b i i i z e d by s u b s u r f a c ewater, the residues should a lready have been below d e t e c t i o n l i m i t s . S u c h Is not thecase. C l e a r l y the Site p o l l u t a n t s are not e q u a l l y d i s t r ibu t ed and In s o lu t i on In theground-water underlying the S i t e .
W h a t t h e n I s t h e e x p l a n a n t i o n o f t h e continued d e t e c t i on o f S i t e p o l l u t a n t s o f f -S i t e ? The u n d e r l y i n g rock f o r m s channel s which create small underground streams.W h e n these streams contact large sources, exchange based on re lat ive s o l u b i l i t yoccurs. This process result s In the slow di s so lv ing of components based on theirrelative s o lub i l i t i e s in water versus oil. It is l i k e ly that such factors are responsible forthe p o l l u t i o n o f Cricket Spring and vie.My wal l s . It Is u n l i k e l y that a p l u m e exists underthe Site since the u n d e r l y i n g g e o l o g i c f o r m a t i o n f o r m s a series o f vertical andhorizontal aquitards and movement of the a q u i f e r Is l a r g e l y by channel.
An a t t empt has been made to estimate the quantities of waste released at thsSite. Several assumptions need to be made prior to Initiation of calculations.

1. No POP was used unti l 1968.
2. After 1968, the average s p l i t between PCP and creosote was 50%,i3. S a l e s for 1984 ware e s t imat ed for 6 months of operat ion,
4. S a l e do l lar s are related to product ion volume a f t e r a d j u s t m e n t s for Inflation whichwas estimated at 5% per year.
5. The creosote:oil mix ratio was 1:1.
6. The PCP;oil mix ratio was 1:1S.
7. 500 gal lons of waste was released in 1981.

The f o l l o w i n g tab l e provides the de tai l s . It has been es t imated that a p p r o x i m a t e l y2,400 g a l l o n s of creosote and 190 g a l l o n s of of PCP were released on the Site over a
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scouring, burning and vo la t i l i za t i on .
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Ytar

1 f r C 519661*67166819691970197119721S73197419761976197713781i*791V 801981196219831984

Value of1084 Dollar*

0.380.400.420.440.460.490.510.54O.S70.600.630.670.700.640.770.81o.ee0.900.951.00

S a f e s($)

384.2101.030.0001.400.0001,1 04 .$461,215.2171.440.816t, 71 7,6472,103.704$.378,9474,390.0002,371.4283.088,05$2.714.2853.513.5133,506,4933,450,7003.516,279"£.368.8881,578.947"'7*0.000"'

Clover, to1 9 8 4 D o i a / s ( X )

2.632.52.42.32.2£.02.01.91.81.71.81.5M1.41.31.21.21.11.1x0,21.0x0.2

CreonotoWaste(gallons}
120400410165160175205245376010235285230300280£30250160SO10

PCPWaste(Gallons)

__
1551601762052453756102352852303002802302501602010

T o l a )(gallons)
• •
120400410310320350410490 .7501.020470 -670 -460 "6006604606009204020

Total
Amount o f Pur* C h t m l c a l ( g a l l o n , )

4.7SO
S , S . r «

8,828 8.575

G

t

E

**
*M

t f

Assumv 5% Inflation rata ax avaraga b*lwaa.t 1966Lost MlimaiKl si 600 gallons.Loss raducao* by 80% dua to o p a r a f t e r i a ! chaigaa.Mix wat 60% creoaoU£0% ofl.

The majori ty of surface pol lut ion was due to product loss due to ex&ns treatmentchemical* dr ipp ing f rom stored posts and convenience spraying In the storage yard.The vast major i ty of this material was lost continuously from ths Site #v»r the yearswith tittle chance of concentrating In the environment
Waste confined In Sinkholes and Pits has been concentrated and protected fromrain water runoff. Areas of concentrated waste remain at the Site. Th& wastes In theseareas Is contained, concentrated and a large ponion can be e f f e c t i v e l y and efficientlyremoved and p r o p e r t y disposed of. *Minor dispersed micopockote exist In the mtcrocavama underlying the Site. Someconnection between channels are pos s ible , even likely, but the dispersedmioropoekets an not practical targe t s for r eme t fa i action and do not representImminent and substantial hazards to man or the environment.



Maximum concentrat ions o f p o l l u t a n t s In aroundwater surrounding the Sit e aref t m l t e d to the s o l u b i l i t y of the p o l l u t a n t in the wafer. It should also be appreciated thatminor cons t i tu en t s of PCP will not be f o u n d in the water In the same ratios as In thecommercial product. Thi s Is e s p e c ia l ly Impor tant when It comes to dibenzodioxins and.c f i b e n z o f u r a n s which are nearly I n s o l u b l e In water. Health risks based on technical"
f roducts and their contaminants are not a p p r o p r i a t e l y a p p l i e d to groundwater. ThePA cons idered a No Observable Ef f e c t Level (NOEL) of 3 m g / k g / d a y to b ea p p r o p r i a t e o f PCP. For a 150 pound a d u l t , t h i s Is 210 m g / d a y . If a person were todrink two quarts of water containing 0.01 ppm of PCP, (only 1 sample from anabandoned well contained a greater quant i ty, 0.37 ppm) there would be a 10,000 folds a f e ty factor. A cancer risk of less than 1/100,000,000 Is estimated. It fa very unlikelythat anyone would consume 2 quarts of water every day for a lifetime.
Q u a n t i t y

PCP level s as high as 1.6% have bean reported In the Sinkhole . The volume hasbeen reported to be 4 cubic yards. T h e r e f o r e , a p p r o x i m a t e l y 12 g a l l o n s of PCP mayto In tha Sinkhole . The railroad Ditch Pit area has had quanti t i e s between 1 and 5%PCP reported. If one assumes that the volume is 68 cubic yards, then up to 125gal lons of PCP may be pre s ent . T h e r e could be up to 10 g a l l o n s of PCP in the AshPile.
If we assume that a 10.0CO square f e a t area around the Trollay/Treatmenfa l i n d a r Araa is contaminated to a d e p t h of 3 faat at an average of 100 ppm, a tottJ ofgallons of PCP could be recovered.

If 500 ga l l on s of wood t r e a t i n g chemicals were lost In 1981 and If PCP ware usedfor 16 years (1368-1984) and if 6% PCP solutions represented 50% cf sales, then 190g a l l o n s o f PCP was released at the Site . This Is I n e x c e l l e n t agreement with theealimaias, based on analytical chemistry, of PCP remaining on the Sita.

12 ga l l on s125 gallons10 ga l l on s4 Q 0 f l l l Q n , f i187 ga l l on s

gat ipa la s o( PCP by Analyt i ca l
S i n k h o l eRailroad Dftch Piti Aah PifiT r o f l a y / t r a a t m e n t AreaT o U I



2 . O N - S i T E C O N T A M I N A T I O N / O F F - S I T E C O N T A M I N A T I O N*
2.A I d e n t i f i c a t i o n of S u b s t a n c e s E x p e c t e d * to be Detec t ed
T a b l e 2.A.1 . C o m p o n e n t s of Creosote and PCF Used for Wood Protection.
Creosote Componen t s
N a p h t h a l e n e£-m e t h y l n a p h t h a l e n eA c e n a p h t h e n eF l u o r a n t h e n eF l u o r e n *A c e n a p h t h y l e n eP h e n a n t h r e n eAnthraceneChyrsenePyraneBeruo (a) anthracene

S o l u b i l i t y I n Water ( p p m )
33.1

3.420.261.843.931.160.590.0020.1360.012

Density
1.1621
1.0241.2521.2030.89881.1821.241.2741.271

Commercial POP Components
P e n t a c h l o r o p h e n o lT o l u e n e2 , 4 . 6 - T r f c h J o r o p h e n o l2,-4-Dichtorophenol2-Chloropheno lPhenol2 ,4-Dinl t ropheno l2-NUrophenol4-nttro;honoi2,4-Di t i e t h y l p h e n o l4 t$-DhHro-o<re$olV-Cnloro-m-cresolBenzeneE l h y l b e n z e n eAcetoneXylene

14535800450028.50093.0006.6002,10016.00017.000
3.8501,770152S o l u b l e

1.9780.8661.4901.3831.2561.0721.6831.4951.2701.0236.82
0.8790.8670.7920.861

Compounds dt l ec tao it th« Sil* ts* in bold typ*.
Most of the components of creosote are only spar ing ly soluble In water. W h i l ePOP is not very s o l u b l e , once the sodium salt Is f o r m e d , POP becomes very s o l u b l e inwater as are most phenolic POP contaminants. Oil solutions of these compounds canseparate Into three phases. First, there can be a l i g h l e r - t h a n - w a t e r (floating) phasecontaining l igh t oil, as well as creosote compounds and POP dissolved In the oil.Second, there can be a water phase, which will contain those contaminants that havebecome dissolved In water or have the same density as water. Thirdly, there can be aheavfer-than-water ( s i n k i n g ) phas e , cons i s t ing p r i m a r i l y o f the dense f r e e pha s eorganics (POP, aromatics associated with creosote compounds, and heavier fract ionsof the wood treatment oil).
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A n a l y t i c a l Data f r o m S i t e S a m p l e s
Data
S a m p l e d
5-21 -as

5-21-65

6-31-85

0-3.85

6-3-85

6-3-85

6-3-85

6-4*85

10-16*85

11-25-85

3-10-86i

S a M p f i r i Q
location

Railroad DitchDisposa l Are*Standing Water

Railroad D3chDisposal Are*
S o f l i n Y a / dbetweenProduct andWater Tank

B-1 Concreta PadBoring 1.5' bts

Sinkhole FMd
B - 2 , 3 ' b l s N e * /Cone, ale Pad

B - 3 . 5 ' b %

B-4, 2-blsWood Chip Pile
Ash Pile

Railroad TunrurfSpring. South Side
Ralroad TunnelS p r i n g , S o u t h S i d e

S a m p l e
Des cr ip t i on

MES*2246tMatr ix: Uqu J

M E S S 2 2 4 6 6Matrix: Waste
MES*22464Matrix: Soi lDiscrete
MESS22833Matrix: S o i l ,Discrete
MES022834M a l r i x ; Was t e W a t e r
MES022835Matrix: Soi l ,D^crete
MES022S39M a t r i x : S o i l ,Discrete
MES822&43Matrix: Soi l ,Discrete

MES0851049-1Matrix: Soi l ,Discrete
MES*8511B6-SMatrix: Water

MES*S603108.1Mairbc: Waste Water

A n a l y s e s
P e r f o r m e d
EPA624EPA625EPA610
E P A 6 2 4EPA625

EPA8250for POP onry

EPA6340EPA8270

EPA0240EPA3270
E P A 8 2 S Ofor PCP onlyEPA8270
EPA8270

EPA8250for PCP only
EPA8240EPA8270
EPA624EPA625
EPA624EPA625

Result s ( p p m )
PCP PNA VOA-CI VOA-ARO •
— lotal — —3.4

10,400 Total - ~4000
S200 N / A N / A N / A

7000 TotaJ — 411660

200 Total — 2.3131
56 - N/A N/A

830 200 N/A N/A

1.1 N/A N/A N/A

2600 550 — «—

0.11 — *- ~

0.010 — Chtoromethane* —0.006
be Sow detection limitsNA not analyzed* LBcery a laboratory or sampling errort selected for oN-$Ke monitoring
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R a i l r o a d D i t c h D i s p o s a l A r e a , S u r f a c e S a m p l e s (above 1 p p m )
DateS a m p l i n g A n a l y s e sP e r f o r m e d P e r f o r m e d

c

Resu l t s

6-4-85 Vola t i l e PriorityP o l l u t a n t s
Vola t i l e Non-priori tyPollutants
Base-neutral E x t r a c t a b t ePriority Pollutants

A c i d - E x t r a c t a b l ePrior i ty P o l l u t a n t s
Non-priority Pollut?nts

C o m p o u n d
ethylbenzenet o l u e n e
acetonetotal xylenes
a c o n a p h t h y l e n enaphthaleneacenaphthenef l u o r a n t h e n ef l u o r e n ephenanthrene
p e n t a c h l o r o p h e n o l
2-methylnaphthaiene2 - n i l r o a n l l i n ed i b e n z o f u r a n

Concentra t i onCenter*
3.21.8
3.13.1

6930NAN ANANA*

(ppm) at
East E d £ f i *

ND -ND .1
1.4 "3.1 .-
NA C

N A ' ^ i

170/230680 /520840/7103600/3100
31,000 50,000/47,000

2000150N A
NAN A730/670

Physical Charac t e r i s t i c s observed: s l u d g e mixed with soi l , d e ep brown y e l l o w In color
t
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A n a l y t i c a l Data l o r P o l y c h l o r l n a t e d D l o x l n / F u r a n A n a l y s i s ( p p m ,

F U R A N S
tetra (total)
2.3,7,8-TCDD
pen ta
hexa
h e p t a
octa
D I O X i N S
tetra (total)
2,3.7,8-TCDD
pen ta
hexa
hep ta
octa

. . .SINKHOLE .3 M>QDJJHIP PILg*
C A L A N A L Y T 1 C A L 2 I T 1 D U P L I C A T E
0.0015

0.00037
0.0098

0.97
10

4.34

0.005
N D

0,11
0.83

13
1.8

ND

N D
ND

0.15
0.38

N D

N D
0.0075

1.1
1

ND

N D
ND
N D
ND

ND

N D
N D

0.0055
0.1

ND

N D
ND
N D
N D

ND

N D
ND

0.0036
0.077

BA11.RQAD D I T C H 1

C E N T E R E D G E
ND

N D
ND
N D

0.26

ND

N D
0.039

0.94
32

ND

ND
ND

0.070
0.51

ND

N D
0.071

2
40

N o t e s t o T a b l e ;
C o l l e c t e d and analyzed by !T A n a l y t i c a l Service s , c o l l e c t ed 6-2-85 sanaly2ed, J u n e 1985.2 C o l l e c t e d by MES and analyzed by C a l i f o r n i a A n a l y t i c a l Laborator i e s , analyzed J u n e 1985.ND * Not d e t e c t ed a t level s p e c i f i e d In parenthesi s .3

( S a m p l e s were grab sampl e s c o l l e c t e d f r o m the top phase.
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A s h P i l e , S u r f a c e S a m p l e * ( p p m )
Date ofS a m p l i n g

10-16-85

A n a l y s e sPer formed

EPA 8240. 8270

Resul t sCompound
pen tach loropheno ltotal PNA

Concentrat ion
2,600 ,550-

5-21-85

T r e a t m e n t Areas S u r f a c e S a m p l e * * { p p m )
Date ofS a m p l i g A n a l y s e sP e r f o r m e d C o m p o u n d Resu l t s C o n c e n t r a t i o n

EPA 8250 for PCP only p e n t a c h l o r o p h e n o l 8,200

Physical Characterist ics observed: fin© gray ashPhysical Characteristics observed: black rocky clay with evidence of oil*«

S i n k h o l e Grab S a m p l e F r o m T o p o f S i n k h o l e ( p p m )
C o m p o u n d Concentration
p e n t a c h l o r o p h e n o le t h y l b e n z e n e2 - m e t h y l n a p h t h a ! e n ebenzenen a p h t h a l e n en-nl tro sod iphenylamined i b o n z o f u r a nf l uor enef iuorantheneacenaphthene2-nitroanllinetolueneacetonestyrane

16,00013.0003,600
1.3001.1001,000800790370300210126.41.7
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A n a l y t i c a l Data f r o m W e l l W a t e r S a m p l e s

L

t

Data Sampl e
S a m p l e d D e s c r i p t i o n
Bimilngham - Qid Well
05-21-85 MESA22465' M a t r i x : W a t e r

06-05-85 M E S S 2 2 S 3 1Matrix: Water
11-25-85 M E S C 8 5 1 1 8 6 - 1Matrix: W a t e r
03-04-86 MES3860340-6Matrix: Water
03-31-86 MESS860403-3Matrix: W a t e r
06-24-86 M E S S 8 6 0 6 1 4 1 - 2 . 1 2Matrix: Water
Bicmlnaham - New Well
05-20-85 MESS22456M a t r i x : W a t e r
06-05-85 MES«22632Matrix: Water
11-25-85 M E S f l a S 1 1 8 6 - 3M a t r i x : W a t e r
03-16-86 MES#86G3108.2M a t r i x : Water
06-24-86 8606141-3.13Matrix: Water

Analyses
P e r f o r m e d

EPA 624EPA 625

EPA 624EPA 625
EPA 624EPA 625
EPA 625

EPA 624

EPA 624EPA 625

EPA 624EPA 625
EPA 624EPA 625
EPA 624

EPA 624EPA 625
EPA 624EPA 625

Results (ppm)
P O P P N A V O A - C I V O A - A f t O Others

— N a p h t h e l e n * — —0.026F l u e r e n *0.031
— T o t a l — —0.023
~* Total — —0.005
~ - NA NA

NA NA — -
_ _ —. —

0.10
NA NA T o t a l —0.037
_ -. —

«. ~- T o t a l -0.01
_ _ — »

O

05-21-85 MES822466Matrix: Water
06-05-85 M E S S 2 2 8 3 0Matrix: Water
03-04-86 Matrix: Watar
OS-24-86 M E S f f d 6 0 6 1 4 MMatrix: Water

EPA 610
EPA 624EPA 625
EPA 625
EPA 624EPA 625

NA NA NA

NA NA

balow detect ion limitsNA no! a n a l y z f i dt M l e d M f or oH-SH« monitoring
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A n a l y t i c a l Data f r o m C r i c k e J S p r l n g t S a m p l e s
D&a
Sampled
OS-20-85

06-04-85

11-25*65

03-31-98

06-24-86

Sampl e
Description

M E S S 2 2 4 5 7Matrix: Water
M E S 0 2 2 8 2 9M a t r i x : W a t e r

M E S 3 8 5 1 1 8 S - 6Matrix; Water
MES*8S0403-5Matrix: Water

M E S S 8 6 0 6 1 4 1 - 8 . 18M a t r i x : W a t e r

Analys e s
Performed

E P A 6 2 4EPA625E P A 6 1 0
EPA625

EPA624EPA625
EPA624EPA625
E P A 6 2 4EPA625

Results (ppm)
PCP PNA VOA-CfVOA-ARO Others
1.9 - _

4.S - N/A N/A
1.8 T o t a l <- —0.028
1.4 T o t a l — ~0.01 S
— P h e n a n t h r e n e — *-0.008

below de t e c t ion l i m i t sNA not analyzedt Se l e c t ed f o r o f f - S h e monitoringNot from Sita
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P E N T A C H L O R O P H E N O L A N A L Y S I S
Date Cridce tSpring BdhrenC l t t t a r n BehrenWel mS p d n gSouth

CanningPactSpring
Wte* BirminghamWaS C t d W a l BirrnhghamN ? w W a l BinamWe! PRCtvt FRDitchRuno f f

Site

1883
04-**os-28Q7-2S08-28104010-3812- U
183-S
01-fiS
02-2304-6-!05-G305-2706-2508-0-109-S709-33

1914
01-0*02-0302-2002-2603- 1303-2305-!1!06-010&-2*10-0512-0712-W
1 9 & S
05-2006-6411-2S
1916
03-0*03-WCc
06-24

06- ti

8.32.70.013
0.0040.0020.002

0.0020.0060.0010.0030.00064.010.04.29.097.015.010.0

5.711.0
0.0235.64.6S.754.09.25.53.7

1.94.5

1.4NO5.1

0.833.62.31

5.60.48 0.0003
0.001NOND

0.00090.000090.00050.00010.000080.0006NONO0.00330.00020.00110,0002

0.00310.37
0.0019

MOO X X X 20,0005

NO

NO

ND
NO

5.60.0040.0002
0.0460.0002O.OC02

0.0015
NO0.00030.00030.00040.030.0110.029

0.00460.14

0.0120.0020.0120.28
01000,05700510.0039O.C099
0.017

NONONC

0.01
NO

NO

0.005 ND0.0040.0001
NO

6.005
0.037 t

0.010̂ "0.004

0.0001

NO
0.0028

0.0081 0.57

0.011
h-854$6 noPCP

0.002
0.87

2026

0.2S
7.7 10.6

4.2

0.23

MD
NDfrd

NOND

NO
NO

ND
f e s t e N D )

Omaha Cfty wetla: No PCP in NUmsro t t t 1982-1987 testsArfcAOod 1000' Sfia well. No PCP In num«rauc 1382-15 37 totsWafewi Craek; No PCP In numatous 1982-198> t s s l i- • ' " ' N o P C P ( f t i w m « o i i i 1 9 8 M 9 8 7 * s t 8
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3 . E N V I R O N M E N T A L F A T E A N D T R A N S P O R T
3 . A P h o t o d e g r a d a t l o n R a t e s , D e c o m p o s i t i o n Rat e s , H y d r o l y s i s R a t e s ,C h e m i c a l T r a n s f o r m a t i o n s , etc.
D e g r a d a t i o n o f P O P I n S o i l

The d e g r a d a t i o n and p er s i s t enc e of PCP in soil was f i r s t based on de t erminingthe t ox i c i ty and b i o c ida l a c t i v i ty of soil at van'ous t imes a f t e r PCP treatment . Lousa lo tand Ferr er ( 1 9 5 0 ) examined the p er s i s t enc e of PCP in soil treated with 0, 30,60 and90 ibs/acre* and stored for 0 , 1 / 2 , 1 and 2 months b e f o r e being bioassayed with cornand cucumbers. The data obtained demonstrated that , in general, the toxicity to soilorganisms decreased with the pa s sag e of time. Water p l a y e d an e s sential role sinceT h e r e was no a p p r e c i a b l e inac t iva t i on of PCP a f t e r two months when a p p l i e d to air-dried soil. PCP p e r s i s t e d somewhat l o n g e r in soil with medium mois ture content thanin saturated soil. T o x i c i t y appeared to persist l onger when a p p l i e d to a heavy clay soilthan when a p p l i e d to a sandy or sandy-c lay mix ture ( L o u s a l o t and F e r r e r , 1950).Y o u n g and C a r r o l l ( 1 9 5 1 ) also observed that PCP de compo s ed more r a p i d l y in s o i l sc o n t a i n i n g a h i g h e r content of organic matter. The rate of d i s s i p a t i o n was great erwhen soils were near saturation point and when the soil temperature approached theo p t i m u m f o r mi crob i o l og i ca l activity.
Lousaiot and F e r r e r ( 1 9 5 0 ) d emons t ra t ed that PCP pers i s t ence varied f r om 15 tomore than 60 days and was d e p e n d e n t upon soil condit ions and a p p l i c a t i o n rate.Y o u n g and Carro l l ( 1 9 5 1 ) observed PCP to per s i s t In d e t e c t a b l e quant i t i e s f o r a s l o n gas 49 days. W h e n a p p l i e d at 7.5 I b s / a c r e , Alban and McCombs ( 1 9 4 9 ) observedresidual e f f e c t s of Na-PCP fur as l o n g as 12 weeks a f t e r a p p l i c a t i o n of 7.2 I b s / a c r e tomuck soils. T a y i o r (1950} observed no residual tox i c i ty in soil a f t e r 100 days from 25I b s / a c r e a p p l i c a t i o n s o f Na-PCP. but did f ind res idual ac t iv i ty a f t e r 100 days f r o m 5I b s / a c r e a p p l i c a t i o n s o f PCP in 50 g a l l o n s of S t o d d a r d solvent. T h u s , f o r m u l a t i o n , aswell as soil t y p e , organic matter and moisture c on t en t s , and t e m p e r a t u r e will affectPCP persistence In soil.
The effect of numerous f a c t o r s on the d e g r a d a t i o n of PCP In soil was discussedby T s u n o d a ( 1 9 6 5 ) , K u w a t s u k a ( 1 9 7 2 ) and Aso and Sakamoto ( 1 9 6 2 ) . The rate ofPPP di s s ipa t i on f r om soil was c lose ly related to temperature, aeration and organicmatter. The d e g r a d a t i o n of PCP is partially d e p e n d e n t on cation exchange capaci tyand soil pii whereas soil t e x tur e , clay content, degree of base saturation, and f r e e iron

''if all the PCP waste reported as released (250 gal lons of a 5% solution per year) atthe S i t e were d i s t r i b u t e d e q u a l l y on the Site (20 acres). It would equal 10I b s / a c r e / y e a r .
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L
oxides did not i n f l u e n c e the rate of PCP d e g r a d a t i o n . At h igh er t e m p e r a t u r e s , PCPd i s a p p e a r e d more r a p i d l y f r o m s o i l s under anae"nbic ( f l ooded) cond i t i on s than underaerobic c ond i t i on s . A more rapid d e g r a d a t i o n of PCP in p a d d y soil under f l o o d e dc o n d i t i o n s t h a n in p r e v i o u s l y aerobic s o i l s p l a c e d under anaerobic c o n d i t i o n sindicates the impor tanc e of an e s tab l i sh ed anaerobic p o p u l a t i o n . The half-life of PCP *at an i n i t i a l soil c onc en tra t i on of 100 ppm was 10-40 days at 30 * C under f l o o d e dcondi t ions , whereas almost 100 % was detec ted in aerobic soil a f t e r two months. PCPd e g r a d e d more r a p i d l y in h i g h organic mat t er s o i l s than in s o i l s w i th low organicmatter content. In subsequent i n v e s t i g a t i o n s K u w a t s u k a and I g a r a s h i (1975) f u r t h e rindica t ed a s l i g h t c o r r e l a t i o n of PCP d e g r a d a t i o n with f r e e iron content and p h o s p h a t ead sorp t i on c o e f f i c e n t , bu t l i t t l e l i t t l e corre lat ion with available p h o s p h o r u s content.

The e f f e c t o f f l o o d i n g or anaerobic c o n d i t i o n s on PCP d e g r a d a t i o n in 11 dif ferentrice p a d d y s o i l s was examined by K u w a t s u k a and I g a r a s h i ( 1 9 7 5 ) . The hal f- l i f e o fPCP varied f r o m 10 to 70 days (average 30 days) in the arable soi l s under f l o o d e dc o n d i t i o n s , and f r o m 20 to 120 days (average 50 d a y s ) under u p l a n d condi t ions . Theperiod of t ime required to d e g r a d e 90 % of the PCP pre s en t was 30 days or moreunder f l o o d e d c o n d i t i o n s , and 50 days or more under u p l a n d c ond i t i on s . A l m o s t100% of the PCP remained even a f t e r 50 days when a p p l i e d to a f o r e s t subsoil whichconta ined o n l y trace amount s of organic mat t er , and s u b m i t t e d to both watercondi t i on s . Similar r e su l t s were obtained by W a t a n a b e ( 1 9 7 3 ) and Ide ei ah ( 1 9 7 2 )who r epor t ed that PCP d i s a p p e a r e d rapidly In mature p a d d y f ie lds , but very s l o w l y in anewly reclaimed f i e ld and In soil c o l l e c t e d f r o m an immature p a d d y f i e ld . In otheri n v e s t i g a t i o n s the rate of PCP d e g r a d a t i o n varied among f a r m so i l s and wasi n f l u e n c e d by the pre s ence of certain f u n g i c i d e s ( S u z u k i and N o s e . 1970); repeateda p p l i c a t i o n s o f P C P t o p a d d y f i e l d s r e s u l t e d i n acce l erated d e g r a d a t i o n ( W a t a n a b eand H a y a s h i , 1972) and no PCP d e g r a d a t i o n occurred in submerged s o i l s which hadbeen s t e r i l i z e d ( K u w a t s u k a , 1972; Igara sh i and K u w a t s u k i , 1972). T h e s e r e su l t ssugge s t that PCP d e g r a d a t i o n is r e la t ed to microbial ac t iv i ty in the soil.
N u m e r o u s d e g r a d a t i o n p r o d u c t s have been i s o l a t e d f r o m POP treated soil. Ide e la/. ( 1 9 7 2 ) examined PCP d e g r a d a t i o n in s t e r i l e and n o n s t e r i l e p a d d y soil. PCP wass tab l e in s t e r i l i z e d s o i l , but was d egraded in non s t e r i l e soil . D e c o m p o s i t i o n produc t si s o la t ed f r o m soil i n c l u d e d 2,3,4,5-, 2,3,5,6-, and 2 ,3 ,4 ,6- t e trach lorophenol s; 2,4.5-and 2 , 3 , 5 - t r i c h i o r o p h e n o l s ; 3,4- and 3 , 5 - d i c h l o r o p h e n o l s ; and 3-chlorophenol . T i m ecourse i n v e s t i g a t i o n s were also conducted with the three t e t r a c h l o r o p h e n o l s . Ofthese , 2 , 3 , 4 , 6 - t e l r a c h l o r o p h e n o I was the most r a p i d l y d e g r a d e d . It was c onc ludedthat the ch lor ine s ortho and para to the hydroxyl group underwent reductivede ch l or ina t i on more eas i ly than the rneta chlorine.

S i m i l a r r e su l t s were obtained by K u w a t s u k ) and I g a r a s h i ( 1 9 7 5 ) who also i d e n t i f i e dpentachloroanisole as a PCP degradation product. Pemachloroanisoie formation andIts subsequent d e g r a d a t i o n back to POP was reported by I g a r a s h i and Kuwaysuki(1971, 1972, 1973). Demethyiation and methylat ion of phenol ic groups in biologicalsystems Is well known (Williams. 1959). Ide etaL (1972) also f o u n d 2,3,4,5-, 2,3.5.6-,and 2,3,4,6-te trachioroanisole s , 2,3,5- and ^AS-tr i ch l oroani s o f ea and 3-chioroanisole as m e t h y l a t e d p r o d u c t s of PCP in incubated soi l , but not 2.3,6% 2,5.6-and 2,4,6-trichioroanisoles. Based on the results obtained in these inves t igat ions ,
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I g a r a s h i and K u w a t s u k i ( 1 9 7 5 ) p r o p o s e a soil d e g r a d a t i o n pa thway In which tha Ini t ia ld e g r a d a t i v e mechanism in soil is e i ther m e t h y l a f i o n or reductive d e c h l o r i n a t i o n .
P h o t o l y t i c d e g r a d a t i o n of POP i n f l u e n c e s the f a t e of PCP in s o i l , as observed in ^p a d d y f i e l d s . T h e p h o t o d e g r a d a t i o n p r o d u c t s were I s o l a t e d a n d i d e n t i f i e d b yM u n a k a t a and K u w a h a r a ( 1 9 6 9 ) . 1 , 2 , 3 , 4 , 6 , 7 , 8 , 9 - o c t a c h i o r o d i b e n z o - p - d i o x i n wasi d e n t i f i e d l a t e r as a p h o t o d e g r a d a t i o n produc t of PCP by Crosby et al. (1972). Othershave also noted that p h o t o c h e m i c a l d e c o m p o s i t i o n is at least p a r t i a l l y r e s p o n s i b l e forPCP d i s s i p a t i o n (Kuwahara et a/., 1966).
In considering the b iodegradation of PCP in soils and other environments it is alsoI m p o r t a n t to cons ider which p r o d u c t s are a c t u a l l y d e g r a d a t i o n p r o d u c t s as oppo s ed tocontaminants in the or ig inal f o r m u l a t i o n . Typical commercial PCP contains a variety ofsubstances such as t e t r a c h l o r o p h e n o l s , t r i c h i o r o p h e n o i s , h e x a c h l o r o b e n z e n e ,c h l o r i n a t e d d i b e n z o - p - d i o x i n s ard c h l o r i n a t e d d i b e n z o f u r a n s ( J o h n s o n e t a / . , 1973;S c h w e t z e t a/.). The d e g r e e of c o n t a m i n a t i o n seems to vary wi th the commercialp r e p a r a t i o n s examined ( J o h n s o n e t aL. 1973; Nil s s on e /a/ .).

i n v e s t i g a t i o n s which have involved the use of commercial f o r m u l a t i o n s (o therthan the a n a l y t i c a l l y pure 1 4 C-PCP f o r m u l a t i o n s ) have repor t ed a wide variety of tetra-a n d t r i c h i o r o p h e n o i s a s P C P d e g r a d a t i o n p r o d u c t s . T h e p r e d o m i n a n tt e t r a c h l o r o p h e n o l in t e chni ca l PCP s a m p l e s i s the 2,3,4,6-tetra isomer. It seemsreasonable , t h e r e f o r e , t o que s t i on which c ompound s are a c t u a l l y d e g r a d a t i o nproduc t s and whiich may be contaminant s . From a chemica^ synthes i s p o i n t of view,placement of m&ta subs t i tuents is somewhat difficult. S i m i l a r l y , f r om a biochemicalpo in t of view, ab s t rac t i on of a s ub s t i t u en t f r o m a me/a p o s i t i o n is most difficult. Soilmicroorganisms have t r a d i t i o n a l l y shown a p r e f e r e n c e for removing s u b s t i t u e n t s whichate e i t h e r ortho or para to reactive s i t e s , or both. For these reasons It seems logica l toquest ion w h e t h e r tetra- or t r i c h i o r o p h e n o i s wi th only a mi s s ing meta s ub s t i t u en t area c t u a l l y d e g r a d a t i o n p r o d u c t s or contaminant s in the or ig inal f o r m u l a t i o n . The re su l t sof the few i n v e s t i g a t i o n s wi th "C-PCP would s u p p o r t pa thways , e i t h er in soil or withi solated microorganisms, which involve d eha l og ena t i on in either the ortho or parap o s i t i o n s , or both. H o w e v e r , these observations would not a p p l y to the f o r m a t i o n ofmethy l esters of any of the te tra- or t r i c h i o r o p h e n o i s in soil. M e t h y l a t i o n Is commonphenomenon in the soil m e t a b o l i s m of p h e n o l i c moieties.I M u r t h y et a/. ( 1 9 7 7 ) examined the d e g r a d a t i o n of 1 4 G - P C P in both aerobic andanaerobic moist soii with and without c e l l u l o s e a m e n d e n f s . The anaerobic soil wasaerated with nitrogen, in anaerobic soil, PCP reduced soil respiration in the presenceof c e l l l u i o s e . Losses by v o l i t a f i z a t i o n accounted for only 0.5% of the PCP added to thesoil. No "C02 was d e t e c t ed . Organic solvent ex trac table radioac t iv i ty was the samef r o m all anaerobic t r ea tment s . Gas chromatographi c analysi s of the soil extractsshowed the presence of the me thy i e th e r of PGP (0.7%). 2,3,5,6- and 2,3,4,5-t e t r a c h l o r o p h e n o l s and 2 ,3 ,6- tr i ch iorophenc l were also de t e c t ed as d e g r a d a t i o nproduc t s by gas e h r o m a t o g r a p h y after methyla t ion. Total "C- recoveries f r o munamended and cellulose amended soils were $5.7 and 63.5%, respectively. Similarre su l t s were obtained in aerobic soil s with regard to product format ion. 2,3,4,5* and2.3.5,6-tetrachiorophenot and 2 , 3 , 6 - t r i c h l o r o p h e n o i ' w s r e d e t e c t ed !n extracts f r o m
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aerobic soils. The p r i n c i p l e product (51.5%) however, was the me thy l e th e r of PCP, orp e n t a c h l o r o a n i s o i e .
F u r t h e r d e g r a d a t i o n of the p e n t a c h l o r o a n i s o l e was examined in both aerobic andanaerobic so i l s . In aerobic s o i l s , o n l y 5.6% of the p e n t a c h l o r o a n i s o l e was reducedback to the PCP in 24 days, whereas in anaerobic soil, 42.1% was reduced to PCP.T h e s e r e s u l t s i n d i c a t e that wh i l e some interconversion of p e n t a c h l o r o a n i s o l e and PCPoccurs in both aerobic and anaerobic s o i l , the reactions involved in the d e g r a d a t i o n ofthese c o m p o u n d s are reduc t ive in anaerobic so i l , and both reductive and o x i d a t i v e inaerobic so i l s .
The r e su l t s o f the p r e c e d i n g i n v e s t i g a t i o n ind i ca t e that d e g r a d a t i o n of PCP in soiloccurs p r i m a r i l y by reduct ive d e h a l o g e n a t i o n . T h i s d e g r a d a t i o n p a t h w a y resul t s in thef o r m a t i o n o f p r o g r e s s i v e l y s i m p l e r c h l p r o p h e n o l s , i.e.! t e t r a c h l o r o p h a n o l s ,t r i c h l o r o p h e n o l s and d i c h l o r o p h e n o l s . I n v e s t i g a t i o n s conducted with 1 4 C-PCP i n d i c a t ethat thi s proceeds through a l og i ca l sequence with the ini t ia l d eha l og ena t i on reactionsoccurring at e i t h e r orthoorpara p o s i t i o n s . M e t h y l a t i o n of the p h e n o l g r o u p alsoa p p e a r s to be a common reaction in PCP d e g r a d a t i o n as wel l as its t e t r a - andt r i c h l o r o p h e n o l i c p roduc t s .

In summary, pen tach loropheno l (PCP) readily degrades in the environment bych emi ca l , m i c r o b i o l o g i c a l and oho io chemica! processes. D e g r a d a t i o n in soil isa f f e c t e d by numerous chemical , p h y s i c a l and b i o l og i ca l fac tor s . PCP degrade s morer a p i d l y in f l o o d e d or anaerobic soil than in aerobic moist soil. Several pa thways ofd e g r a d a t i o n have been i d e n t i f i e d . The d e g r a d a t i o n of PCP in soil i s p r i m a r i l y byreductive d e h a l o g e n a t i o n to s i m p l e r tetra*. tri- and d i c h l o r o p h e n o l s . M e t h y l a t i o n ofPCP to p e n t a c h l o r o a n i s o l e and l i b e r a t i o n of 1 4C0 2 f r o m 1 4 C - P C P have also beenobserved. I s o l a t e d soil m i c r o o r g a n i s m s m e t a b o l i z e "C-PCP b y m e t h y l a t i o n .d e h a l o g e n a t i o n , and ring cleavage with the u l t i m a t e conversion of the "C to "C02 andnormal 1 4 C-celi c o n s t i t u e n t s .
D e g r a d a t i o n o f P e n t a c h l o r o p h e n o l I n W a t e r

A two year s tudy of the f a t e of p e n t a c h l o r o p h e n o l in ou tdoor artif icial s treamsf o c u s e d on d e t a i l s of microbial d e g r a d a t i o n by a combination of in situ and laboratorymeasurements ( P i g n a t e l l o , eta!., 1985). Repl i ca t e streams were dosed constantly atp e n t a c h l o r o p h e n o l concentrat ions of 0, 43, and 144 u.g/L, r e s p e c t i v e l y , for an 88 dayperiod dur ing the summer of 1983. P e n t a c h l o r o p h e n o l was degraded both aerob i ca l lyand anaerobical ly. Aerobic d e g r a d a t i o n was more rapid than anaerobic d e g r a d a t i o n .M i n e r a l i z a t i o n o f p e n t a c h l o r o p h e n o ! was concomminant with p e n t a c h l o r o p h e n o ld i s a p p e a r a n c e under aerobic condi t i ons , but l agged behind the loss of the parentmo l s cu la under anaerobic condit ions. B i o d e g r a d a t i o n i n the s treams, cor in s p e c i f i cstream compar tment s such as the sediment or water column, was characterised by ana d a p t a t i o n period (3*5 weeks for the streams as a whole, and r e p r o d u c i b l e f r om theprevious year), which was i n v e r s e l y d e p e n d e n t on the c o n c e n t r a t i o n ofp e n t a c h l o r o p h o n o l and microbial biomass. The adapta t i on in thd streams could bea t t r i bu t ed to the time necessary for selective enrichment of an Initially low p o p u l a t i o n ofp e n t a c h l o r o p h o n o l c l eg radars on sur fa c e compartment s , -The extent of b i o d o g r a d a t i o nin the s treams ( p e r c e n t loss o f the i n i t i a l c onc en t ra t i on of p e n t a c h l o r o p h e n o ! )
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Increased with increa s ing p e n t a c h l o r o p h e n o l o u t p u t , which was e x p l i c a b l e by anIncrease I n t h e p e n t a c h l o r o p h e n o l d e g r a d e r p o p u l a t i o n with I n c r e a s i n gp e n t a c h l o r o p h e n o l concentrat ion. T h e s e d i m e n t z o n e ' m o s t s i g n i f i c a n t t o overallp e n i a c h l o r o p h e n o l b l o d e g r a d a t i o n was the top 0.5- to 1-cm layer as shown byp e n t a c h l o r o p h e n o l m i g r a t i o n rates and d e p t h p r o f i l e s o f d e g r a d e r d e n s i t y wi th in the *s ed iment . P e n t a c h l o r o p h e n o l p r o f i l e s In s ed iment cores taken dur ing and a f t e r th eadaptat ion period for degradat ion showed that d i f f u s i o n of oentachlorophenol into thesediment was rate l imi t ing to d e g r a d a t i o n In t h i s compartment . Degrada t i on rateswere I n d e p e n d e n t of t empera tur e wi th in the t empera ture range of the streams d u r i n gt h e d o s i n g season ( 1 9 - 3 0 ' C ) , b u t became i n c r e a s i n g l y s lower t e l o w 1 9 ' C . T h eI m p a c t of sudden Increa s e s in toxicant level (to 10 or 100 mg/L) on d e g r a d a t i o n wass ign i f i can t (negat ive), and was assessed by laboratory experiments with sediments.Total h e t e ro t roph i c ac t iv i ty of s ed imentary communities over a major part of the seasonwas u n a f f e c t e d by p e n t a c h l o r o p h e n o l at all stream concentrations t e s t ed .
D e g r a d a t i o n o f D I b e n z o d i o x i n s I n S o i l

The per s i s t ence of d i b e n z o d i o x i n s in the environment Is a primary concern sinced i b e n z o d i d i o x i n s have been d e t e c t e d as a contaminant of PCP. Severa l s tudie s ont h e b i o d e y r a d a b i l i t y o f d i b e n z o d i o x i n s a r e de s cr ibed I n t h e l i t e r a t u r e . T h eI n v e s t i g a t i o n s show tha t d i b e n z o d i o x i n s e x h i b i t r e l a t i v e l y s t rong res i s tance t obiodegradation, though they may not necessarily be t o t a l l y recalcitrant. Most of thework has f o c u s e d on 2 ,3 ,7 ,8-TODD because of Its extreme t o x i c l t y , Poiger andS c h l a t t e r ( 1 9 8 0 ) noted that 2 ,3 ,7 ,8-TCDD absorbs s t r o n g l y onto soil p a r t i c l e s , therebyreducing Its b i o a v a i l a b i f i t y . Y o u n g ( 1 9 8 3 ) al so noted that 2 , 3 , 7 , 8 - T C D D Is no t l ike ly tobe metabo l iz ed r e a d i l y by soil microorganisms. A p p r o x i m a t e l y 100 strains of microbesthai have previous ly shown the ab i l i ty to degrade persi s tent pe s t idded were tested forthe ir a b i l i t y t o d e g r a d e 2 ,3 ,7 ,8-TCDD. After incubation, extracts f r o m microorganismswere p r e p a r e d and analyzed for m e t a b o l i t e s by t h i n - l a y e r chromatography. Of thes trains t e s t e d , f i v e showed some a b i l i t y to d e g r a d e d i b e n z o d i o x i n s . Only one( K e a r n e y et ai. 1973) has examined the b i o d e g r a d a b i l i t y of another d i b e n z o d i o x i n ,2.7-DCDD. Data f r o m this s tudy I n d i c a t e that this dibenzodioxin can at least bep a r t i a l l y d egraded I n soils.
The p h o t o d e c o m p o s l t i o n of 2,3,7,8-TCDD on wet or dry soil under artificial andnatural s u n l i g h t was s t u d i e d by Crosby &t al. ( 1 9 7 1 V The p h o t o d e c o m p o s i i i o n wasfound to be n e g l i g i b l e In soils. S i m i l a r l y , Pl immer 9! a/. (1973) determined thatp h o t o d e c o m p o s i t i o n If TCDD on so i l s was too s low to be d e t e c t e d . In a la t ere x p e r i m e n t , P l i m m e r ( 1 9 7 8 ) f o u n d that a l t h o u g h T C D D decomposed s i g n i f i c a n t l y f r o mprecoated silica p l a t e (-22%) In 6 hours of s u n l i g h t irradiat ion, p r a c t i c a l l y nod e c o m p o s i t i o n of TCDD was observed f r o m TCDD sorbeti on soil under s imilarconditions.
The p h o t o d e g r a d a t i o n of TCDD In combination with other pes t ic ide mixtures wass tudied by Crosby and W o n g (1977). When Agent Orange containing 15 ppm ofTCDD was a p p l i e d on the surface of g las s p l a t e s (5 mg/crn^), rubber p l a n t , Heveabrasi l lensia (6.7 mg/cm 2 ) and on the surface of sieved Sacramento loam soil (10m g / c m 2 ) and exposed to s u n l i g h t , TCDD was f o u n d to pho todacompose . The !oss ofTCDD In 6 hours was >50% f r o m glas s p l a t e , *100% from the surface of leaves and



~10% f r o m the s u r f a c e of soil. The rapid p h o t o l y s i s of TCDD f r o m these sur fac e sindicate s that the h erb i c id e f o r m u l a t i o n prov id ed a h y d r o g e n donor that p r o b a b l yallowed the p h o t o l y s i s t o occur. The authors a t t r i b u t e d the s lower p h o t o l y s i s o f2,3,7,8-TCDD in soil to a shading e f f e c t by lower layers of soil particles.
M a n y s t u d i e s have addre s s ed the m o b i l i t y o f d i b e n z o d i o x l n s , e s p e c i a l l y 2,3,7,8-TCDD , In soils. G e n e r a l l y , It has been found that d i b enzod iox ln s are more t i g h t l ybound to s o i l s having r e l a t i v e l y h igher organic content. D i b e n z o d i o x i n s a p p l i e d to thesurface of such s o i l s g e n e r a l l y remain in the u p p e r 6 to 12 I n c h e s . T h e y migrate mored e e p l y into more sandy so i l s , to d e p t h s of 3 f e e t or more. In areas of heavy rainfall, notonly is ver t i ca l migra t i on enhanced but la t era l d i s p l a c e m e n t also occurs by soilerosion with runof f a n d / o r f l o o d i n g . D i b e n z o d i o x i n s may a p p e a r in normal waterteachate f r o m soi l s that have received several d i b e n z o d i o x i n a p p l i c a t i o n s .
K e a r n e y e f a/ , s t ud i ed the m o b i l i t y o f 2,7-DCDD and 2,3,7,8-TCDD In f i v e d i f f er entt y p e s o f soil. T h s y observed that th e m o b i l i t y o f both d i b e n z o d i o x i n s decreased withIncreasing organic content in the soil. Matsumura and Benezet (1973) showed thatm o b i l i t y of 2 , 3 , 7 , 8 - T C D D is r e l a t i v e l y slow, much slower than that of DDT. It wasconcluded that any movement of 2 , 3 , 7 , 8 - T C D J in the soil environment would be byhorizontal t r a n s f e r of soil and dust p a r t i c l e s or by b io l og i ca l t r a n s f e r (o th er than byplan t s) .
The U.S. Air Force s tud i ed *.3st p l o t s in U t a h , Kansas and Florida to de termine theoverall soil d e g r a d a t i o n rate of 2,3,7,8-TCDD under field condi tons ( Y o u n g et a!.,1976). The three tes t p l o t s were con s id er ed r epr e s en ta t i v e o f various c l i m a t i cc o n d i t i o n s and soi l type s . H e r b i c i d e A g e n t Orange, c o n t a i n i n g 3700 ppb of 2,3,7,8-TCDD, was a p p l i e d to all three p l o t s at a rate of 4480 kg/hec tare . Initial soilc o n c e n t r a t i o n s of the d i b e n z o d i o x i n were not r epor t ed for any of these sites.C o m p o s i t e s a m p l e s f r o m u p p e r 15 cm of each soil were taken f r o m time to time a f t e rthe Initial herbicide a p p l i c a t i o n , and analyzed for both the herbicide and 2,3,7,8-T C D D .
F r o m the s e data and other l e a c h i n g data, the Air Force conc luded that thed i s a p p e a r a n c e of 2,3,7,8-TCDD was most likely due to d e g r a d a t i o n by soil microbes,because d i o x i n concentrations in the 15 to 30 cm layer indica t ed that l e a c h i n g was.Insigni f i cant . The Air Force report f u r t h e r s ta t ed that d i o x i n d e g r a d a t i o n was mostrapid In the Kansa s soil, f o l l o w e d by the Florida soli and finally the Utah so i l , hut thatvariations in soil and c l i m a t e had little overall i n f l u e n c e on d iox in persistence. It wasalso r epor t ed that the Initial breakdown rate was rap id , but decreased s u b s t a n t i a l l yover the test period. On the basis of this observation, the investigators speculated thatmicrobia! enzymes r e s p o n s i b l e f o r h e rb i cd e m e t a b o l i s m a n d p o s s i b l y o ' i o x i nmetabol i sm aro induc ib l e .
The overall half-life of 2,3,7,8-TCDD in soil has been reported to be 1 to 3 yearsby Kearney e t al. (1972). The half-life of this chemical In so i l s under r e la t i v e ly dryconditions (Utah test area) was f o u n d to be *330 days and In more moist soils andunder warm condi t ions (Florida test area) was f o u n d to be -190 days. This Isconsis tent with the b i o d e g r a d a t i o n half-l i fe of -0.5 year for TCDD d e t e r m i n e d byCommoner and Sco t t f r o m the soil in rural Missouri a f t e r the accidental spraying of
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TCDD-contaminated oil (IARC, 1977). However, these half-li fe estimates may grea t lyunder e s t imat e the true value , since it has r e c e n t l y been shown that r a d i o l a b e l e dTCDD adsorbed in soil becomes progre s s ive ly more resistant to extraction (Philippi, eta/., 1981; H u e t t e r and Phi l ipp i , 1982).
The rate of d i s a p p e a r a n c e of 2,3,7,8-TCDD f o l l o w i n g an accidental 2,3,7.8-TCDDrelease f r o m a t r i c h l o r o p h e n o l manufac tur ing p lan t at Seveso, Italy, was studied byDiDomenico e t a/1 ( 1 9 8 0 , 1 9 8 2 ) . The d i s a p p e a r a n c e o f 2,3,7,8-TCDD f r o m the* t opmo s tsoil layer a f t e r 1 year was speculated to be due to p h o t o d e g r a d a t i o n , vo la t i l i sa t i on orvertical movement t h r o u g h th e soil. T h e s e inve s t iga t or s e s t imated th e Ini t ia l ha l f - l i f e o f2,3,7,8-TCDD in the soil at the time of its release to be 5 months. One month a f t e rrelease, the rate of d i s a p p e a r a n c e of 2 ,3 ,7 ,8-TCDD slowed down to the equivalent of 1year In a p p a r e n t half-life. By the 17th month, the rate dec l ined to an e x t r eme ly slowl ev e l ; the apparent half-life f i g u r e for th i s phase was ca l cu la t ed to be >10 years. Morerecent data ( Y o u n g , 1983; W i p f a n d S c h m i d , 1983) ind i ca t e that t h e h a l f - l i f e I f 2,3,7,8-TCDD In soil i s about 10-12 years. S i n c e most of the other p o l y ch lor inat ed d ib enzodioxins (PCDDs) are no more s u s c e p t i b l e to t r a n s f o r m a t i o n / d e g r a d a t i o n than TCDDs,their half lives En soil are pre sumed to be s imi lar to that p o s t u l a t e d for TCDDs.

In summary, PCDDs are resistant toward photochemical and b lodegradat ionreactions In soil. The half-l i fe of 2 , 3 , 7 , 8 - T C D D in soi l s may be >10 years. T h e s ecompounds are l ik e ly ro be transported f r om soil through movement of articulatematter con ta in ing sorbed PCDDt. The most probab l e t ranspor t of these compounds tothe atmosphere by contaminated airborne dust part i c l e s , evaporation, and transport tosur face water via eroded soil t r a n s p o r t e d by water. Leach ing is u s u a l l y a less likelytransport process for these chemicals except for very sandy soils.
3.C Local T o p o g r a p h y

The Site is located on an excavated area in r o l l i n g pine-covered h i l l s that arecharacteris t ic of the Ozark M o u n t a i n chain. The Gurficial cover derived f r o m cherty clayresiduum Is r e a d i l y vis ible f r o m past Site excavations. The Site i s f lat, with the areasurrounding the Sit e f e a t u r i n g a cons iderable amount o f r e l i e f , Including a s t e e p d r o pctown an embankment towards the railroad tracks on the north-eastern edge of theproperty. Land use In the area is p r i m a r i l y for grazing.
C h a r a c t e r i s t i c of the Site and Ozark M o u n t a i n s In general i s the "karat*t o p o g r a p h y and h y d r o l o g y . Groundwa t e r f l o w in karst terrain i s t y p i c a l l y t h r o u g hfractured limestone. T h e s e f ra c tur e s d i s s o lve to create channel f l o w c ond i t i on ,accompanied by the creation of s inkhole s . This f a c t o r Is of prime importance whenevaluating potent ial migration pathways for p o l l u t e d groundwater.
A regional generalized hydrogeo lop i c column for the Omaha, Arkansas, area Isprovided In F i g u r e { ), and provides d e s c r ip t i on s of l i t h o l o g y and e s t imates for thathicknesses of I n d i v i d u a l geologic formations. It should be noted that the variousf o r m a t i o n s vary In thicknes s and some may be absent within the Site area F i g u r e { )shows a generalized s tratigraphies cross-section for the area of the Site. Figure ( )shows the trace of th i s cross-section and I n d i c a t e s which we l l s were used to d e v e l o pthe cross-section.
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F i g u r e ( ) Is an h y p o t h e t i c a l cros s-sect ion because c o n f l i c t i n g i n f o r m a t i o n ex i s t so n t h f e e l e v a t i o n o f t h e C h a t t a n o o g a S h a l e ( i f p r e s e n t ) . T h e f i g u r e r e spr e s en t s t h eh y p o t h e s e s in which the C h a t t a n o o g a S h a l e is around 900 f e e t above sea level in theSite area. This h y p o t h e s i s i s based on dri l l er l o g s and corrleated wi th i n f o r m a t i o n o fPurdue & M i s e r . On the o ther hand , ac cording to Mr. O. A. W i s e the C h a t t a n o o g aS h a l e would be at a h i g h e r e l e v a t i o n and could ou t crop in the s t u d i e d area.
R e g i o n a l l y , the s u r f i c i a l cover is a cherty clay re s iduum derived f r o m the BooneF o r m a t i o n . At the Site , the s u r f i c i a t mater ia l s are c l a s s i f i e d as cherty s i l t y loams whichare p a r t l y by-produc t s of the b l a s t i n g r e la t ed to railroad cons truc t ion and o p e r a t i o n ofmachinary.
Below the r e s iduum is the Boone F o r m a t i o n , which consi s t s of varying amounts ofchert and l i m e s t o n e . The t h i c k n e s s of the f o r m a t i o n at the Site is r e p o r t e d to bea p p r o x i m a t e l y 1 2 0 f t t o 2 5 0 f t . e x c l u d i n g t h e S t . J o e Member . L i m e s t o n e i n t h ef o r m a t i o n is n ear ly pure ca l c ium carbonate. L i m e s t o n e s are very s o l u b l e in groundwater and sub sur fa c e cracks, j o i n t s and f i s s u r e s are v i s i b l e at several l o ca t i on s on theS i t e . S i n k h o l e s are common where l i m e s t o n e is present at the surface. M a n y of thel a r g e j o i n t s and f i s s u r e s are filled are filled wi th red c lay and debris. Chert (a verydense, m i c r o c r y s t a l l i n e s i l i c eou s rock) occurs f r e q u e n t l y in the Boone F o r m a t i o n and isthe p r i n c i p a l rock in the basal section. The d i s t r i b u t i o n of chert is the l i m e s t o n e variesf r o m scattered n o d u l e s to s h e e t - l i k e masses in excess fo 100 f e e t in thickness.
The St . Joe member o f t h e Boone F o r m a t i o n i s r e g i o n a l l y th e most l a t e r a l l yp e r s i s t e n t and conspicuous beds pr e s en t . The t h i ckne s s o f t h i s unit i s a p p r o x i m a t e l y50 f e e t . The rocks of the St. Joe member are composed of crys ta l l ine l imestone. Atthe base o f t h e u n i t , i m m e d i a t e l y above th e C h a t t a n o o g a S h a l e (where th i s f o r m a t i o nis p r e s e n t ) , f r a c t u r e s have been widened e x t en s iv e ly by s o lu t i on .
The Devonian-aged C h a t t a n o o g a S h a l e may or may not c present In the v i c ini tyo f th e Sit e . The basal s ec t ion i s g e n e r a l l y a b lack , cvbot ceous, t h i n l y f i s s i l e(tendency to f o r m t h i n s h e e t s ) s ha l e which weathers into 1 xes. It contains numerousvertical j o i n t s . The u p p e r sec t ion i s black to brown, wi th occasional p h o s p a t i c sandystreaks. The u p p e r section is less f i s s i l e than the basal part and weathers intopr i sma t i c blocks i r r e sp e c t iv e of b e d d i n g . Total thicknes s of the shale varies f rom 0 to50 f e e t . This layer may act as an aquitard between the Boone F o r m a t i o n and theu n d e r l y i n g carbonate units.
Where the lower sect ion of the C h a t t a n o o g a S h a l e i s absent, the u p p e r sect iontypical ly over l i e s the S y l a m o r e member. The S y l a m o r e member i s composed ofsandstone g e n e r a l l y 2 to 5 f e e t thick and consists of one or more massive (withouts t ra t i f i c a t i on) beds, a l though it may be l o ca l ly thin-bedded.
The Ordovician-aged Powel l F o r m a t i o n u n d e r l i e s t h e Chat tanooga Format ion .The f o r m a t i o n consists pr imar i ly ' o f c r y s t a l l i n e d o l o m i t e , with minor amounts o f green,carbonaceous shale c o n t a i n i n g chert congomerate. The thicknes s of trm unit rangesf r o m 0 to several hundred f e e t . The f o r m a t i o n weathers rather easily. In the u p p e rpart c' the f o r m a t i o n , numerous veins and masses of sands tone are present. The
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veins range f r o m a p p r o x i m a t e l y o n e - h a l f inch to s ix inches In th i ckne s s and ex tenddownward 20 f e e t f r om the top of the dolomite. The largest of the masses are 75 f e e ttn d iame t er and 40 f e e t In h e i g h t . H o r i z o n t a l j o i n t s and vertical s l i c k e n s i d e s (groovedand striated surfaces produced on rocks by movement along a fault) are f ound at manylocations.
The Cot ter Format ion dolomite underl ie s the Poweil Formation. It contains minoramounts of sha l e , chert and sandstone. The f o r m a t i o n consist p r i m a r i l y of two t y p e s ofdo lomi t e; a f i n e - g r a i n e d , argil laceous (clay containing), r e l a t i v e l y s o f t variety and amore massive medium-grained variety. The two varieties are g e n e r a l l y I n t e r b e d d o dwith th inner layers of sands t one , shale and chert. The t o ta l thickness of this f o r m a t i o nfs estimated to be more than 500 f e e t .
T h e Roubidoux F o r m a t i o n u n d e r l i e s t h e C o t t e r F o r m a t i o n , T h e Roubidouxconsists of d o l o m i t e , sandstone and minor amounts of chert. The dolomite Is mostlyl ight ly co lored , and i s f ine ly g r a n u l a r to medium c r y s t a l l i n e . Light colored sands tone sare present throughout the Roubidoux Formation. The sandstones are composed ofl o o s e l y to we l l c emented ( s i l i c e o u s or calcareous c ement), f i n e to medium grained,angular to rounded , f r o s t e d quartz grains. Cher t s in the f o r m a t i o n are g e n e r a l l y denseand l i g h t co lored, and may be considered representative of the Roubidoux. Innorthern Arkansas, th icknes s of the f o rmat i on ranges between 130 ft to 455 ft.
T h e G a s c o n a d e - V a n B u i a n F o r m a t i o n s ( u n d e r l y i n g t h e R o u b i d o u x ) a r eu n d i f f e i e n t i a t e d i n nor thern Arkansas . T h e G a s c o n a d e - V a n Buren F o r m a t i o n s(exc luding the Gunt er member) are g e n e r a l l y light colored, f i n e l y granular to mediumc r y s t a l l i n e , c o n t a i n i n g l ight colored dense cherts. The chert s in the lowere sectionoccasionally are slightly sandy or contain minor amounts of do l omi t e . The thickness ofthis unc'ifferentiated unit ranges between 320 to 600 ft.
At the base of the Gasconade-Van Buren unit, the Gunt er member Is f o u n d .G e n e r a l l y , the G u n t e r is described as a sands tone which may contains few th in sandyor silly d o l o m i t e beds. The sands tone is l o o s e l y lamented by siliceous or calcareousmaterial. Thicknes s of the Gunter ranges upwards to 40 f e e t .

3 .D D e s c r i p t i o n o f the H y d r o l o g f c a l S e t t i n g and F l o w S y s t e m
The Site s u r f i c i a l c lay d e p o s i t s may be somewhat Imperv i ou s due to compactionby heavy yard machinery. Tha vertical c o e f f i c i e n t of p ermeab i l i ty of a compacted claysample was measured In the laboratory to be 4.5 X 10' 6 cm/sec ( S e p t e m b e r 29,1982correspondence f r om Tom Millard to MCE. Appendix E). Permeab i l i ty o f the ln-s i tumaterial may vary from this value. A very wide range of permeabil i t ie s was observedacross the Site dur ing p e r c o l a t i o n t e s t s run by Millard. T h e s e perco la t ion tests rangesfrom 2 minutes per Inch of infiltration to 8 hours for lass than one Inch of Infiltration.
Below the s u r f i c i a l residuum, the Site h y d r o g e o l o g y is bel ieved to be s imilar tothe regional hydrogeo logy described below.

The C h a t t a n o o g a S h a l e , where pre s en t , may or may not act as a lowp e r m e a b i l i t y layer (aqu l tard). If the C h a t t a n o o g a S h a l e acts a s an aqultard, ground
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water may be present in three aqu i f e r (water b ear ing) systems: (1) a shallow aquifersystem above th e C h a t t a n o o g a S h a l e ; (2) an"upper d e e p a q u i f e r sys tem d i r e c t l ybelow t h e C h a t t a n o o g a S h a l e ; a n d ( 3 ) a lower d e e p a q u i f e r sys tem. I f t h eChat tanooga S h a l e Is not present or does not act as an aquitard, the ground water ^may be present In two a q u i f e r systems. T h e s e systems could have h i g h l y "heterogeneous vertical p e r m e a b i l i t i e s .
S h a l l o w A q u i f e r S y s t e m

T h e s h a l l o w ( u n c o n f i n e d ) a q u i f e r system consists p r i m a r i l y o f d e e p l y weatheredcherty l ime s t one s of the Boone F o r m a t i o n . The l i m e s t o n e of the Boone F o r m a t i o n hasundergone extensive solution on the Omaha area re su l t ing in what Is commonlyreferred to as "karat" t opography and hydrology. Karst t o p o g r a p h y is characterized byvast numbers of d epr e s s i on s of all sizes, d o l i n e s , sinks and other s o l u t i o n f e a t u r e s , analmost to ta l lack of s u r f a c e s treams (s ink ing s treams), and large s p r i n g s in d e e p e rvalleys.
Typica l ly , ra in fa l l which i s n o r m a l l y mi ld ly acidic, p er co la t e s t h r o u g h the carbondioxide-rich organic soi l , f u r t h e r lowering the pH of the Infi l trat ing r a i n f a l l . Ent er ing thel imestone strata, the moving water enlarges j o i n t s and fractures in the bedrock byd i s s o l v i n g th e bedrock, p r o d u c i n g s o l u t i o n channels a l o n g which ground-water f l o wcan occur. The ease by which p e r c o l a t i n g s u r f a c e water can move t h r o u g h theunsaturaled zone Increase s the p o t e n t i a l for ground-water contamination.
Local ground-water p a t t e r n s ( e s p e c i a l l y in the shal low a q u i f e r s y s t e m ) are di f f i cu l tto d e t e rmine because of the nature of karst h y d r o l o g y . In g enera l , d e p e n d i n g on thelocation of recharge and discharge zones, as well as the karst i n f l u e n c e s , the staticwater tab l e in the s ha l l ow a q u i f e r will f o l l o w (in a subdued manner) the t opography.Deviat ions f r o m th i s general p a t t e r n can be e xp e c t ed to be observed dur ing seasonalvariations in p r e c i p i t a t i o n .
There I? some contamination of the shallow aqui fer as best evidenced by CricketSpring. M i n u t e p o l l u t i o n at other w e l l s in the general pathway f r o m the Site, to CricketSpring and beyond, has occurred. Only Cricket Spring has contained p o l l u t a n t l eve l srepresenting heal th concerns.

Deep A q u i f e r S y s t e m
The deep aqui f er system surrounding the Site may be divided Into an u p p e rgroup and a lower group. The u p p e r group would consist of the Powell and CotterF o r m a t i o n s . The lower group would consist o f the Roubidoux F o r m a t i o n , theGasconade-Van Buren F o r m a t i o n s , and the G u n t e r member.
The upper-deep a q u i f s r system consists mainly of limestones and do l omi t e s ofthe P o w Q l l and C o t t e r Format i on s . Thi s a q u i f e r system commonly s u p p o r t s w e l l swhich yield 5 to 10 gpm ( g a l l o n s per minute) f r om solution channels, b e d d i n g planesand fractures.
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The l o w e r - d e e p a q u i f e r sys tem consists ma in ly o f sands t one s and d o l o m i t e s o fthe Roubidoux Format i on , the Gasconado-Varl Buren F o r m a t i o n s , and the G u t t e rmember. S a n d s t o n e s are g e n e r a l l y more product ive water-bearing rocks thand o l o m i t e s . The sands tone s of the Roub idoux F o r m a t i o n can average up to 150 gpmand y i e l d s of as much as 450 gpm can be obtained f r o m some wel l s . The Gunter'member of the most product ive waterbearing rock of this lower group. W e l l s that tapth i s s and s t one commonly y i e ld 150 to 300 gpm and may yi e ld as much as 500 gpm.The Omaha city well appear s to be p u m p i n g f r o m the lower-deep a q u i f e r system.
Ground-water h y d r a u l i c heads In the lower-deep aqui fer system could be higherthan those in the u p p e r - d e e p and s h a l l o w a q u i f e r systems ( A r k a n s a s G e o l o g i c a lCommission). T h i s head di s t r ibu t ion may act to create an upward ground-water f l o wpot ent ia l f r om the d e ep to the shal low systems. T h e r e f o r e , even if the Chat tanoogaS h a l e Is not present or does not act as an aqui tard, th i s head d i s t r i b u t i o n s ugge s t s thatd i s s o l v e d c o n t a m i n a n t s in the s h a l l o w a q u i f e r sysyem would be unable toh y d r a u l i c a l l y migrate to the lower deep aqui f er system. However, the lower aquiferscould conce ivably be contaminated by heavier-than-water contaminants coming f r o ms h a l l o w a q u i f e r s t h r o u g h uncased w e l l s , i t i s f o r t h i s reason that CAI o p p o s e saddi t ional wel l s being d r i l l e d on the Site.

S i t e S u r f a c e H y d r o l o g y
S u r f a c e drainage at the Site is pr imar i ly to the northwest by a tributary of CricketCreek. Cricket Creek is several thousand f e e t west of the Site and f l o w s in a g e n e r a l l yn o r t h w e s t e r n l y d i r e c t i on . S o m e o f t h e drainage f r o m th e 'Rai l road Ditch Pi t" Si t e couldconceivably drain to the east along the railroad tracks into the Walnut Creek basinunder heavy rain condi t ions . W a l n u t Creek l i e s a p p r o x i m a t e l y 9/t of a mi l e to the southand east o f U.S. H i g h w a y 65, and f l o w s to the southeast . The karst t o p o g r a p h ypresent in the area Is typified at the Site by an absence of perennial surface streams.
Concerns have been expre s s ed by ADPC&E that rescue f r o m the Site may affectground-water s u p p l i e s and s u r f a c e water q u a l i t y via Cricket Spring Channe l (whichdischarges into Cricket Creek). No data available to date demonstrate any impact onCricket Creek below t h e c o n f l u e n c e wi th Cricket S p r i n g Channe l . A d d i t i o n a l ,t h e o r e t i c a l l y p o s s i b l e but u n l i k e l y , impac t s which may have occurred dur ing actual§ite operation include e f f e c t s on soils, biota, and ambient air quality.
Several s p r i n g s and domes t i c w e l l s , as well as the community water s u p p l y wellfor Omaha, Arkansas are located within three miles of the site. In alt, a p p r o x i m a t e l y660 persons live within three miles of the site and depend primarily upon ground waterf r om the d e e p aqu i f e r systems as a source of drinking water.
An Inventory of all the registered .water s u p p l y wel l s within a three m f l e radius ofthe site i s provided fn the f o l l o w i n g table . This table tabulates construction d e ta i l s ofsome of the w e l l s , i n c l u d i n g wel l d e p t h s . The data has been c o m p i l e d f r om allavailable well comple t ion forms , submitted to the Sta t e by drilling contractors. Nocompletion data were availab'e for the Site well or the Omaha City Wel l .
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Water W e l l Inventory and Construction Detai l s of W e l l s With in T h r e e MU« Radlut of tha Arkwood Plant , Omaha,A f f k a n s a s .
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The Omaha City water s u p p l y ts located whhin one mile of tha She. The total d e p t h of the weB haa aUo bean reported«« 1315' with a casing d e p t h of 60'. The d e p t h of the Site well te unknown, however, th* pump (submargaola} was a at«tS20V
GMl and CAI share ths b e l i e f that the 2100-foot Omaha municipal water well Isnot threatened by POP and creosote released f r om the Si t e . Severa l h y d r o g e o l o y i creasons s u p p o r t e d thi s conclusion:
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1. The h y d r a u l i c gradi ent at Arkwood had been de t e rmined to be northwestward(the Omaha we l l was l o ca t ed to the nor thea s t); -
2. The d i s tance between the Site and the Omaha wel l was about one m i l e ;
3. Severa l dome s t i c water w e l l s were located between the Site and the Omaha wellthat had not been found to be contaminated and , If des ignated as such, could actas an early warning sys t em;
4 . S e v e r a l t h i c k a q u i c l u d e s e x i s t e d b e twe en th e s h a l l o w zone fn w h i c hcontamination had been observed and the aqui fer that was t a p p e d by the Omahaw e l l ; and
5. A p r o p e r l y cased 900-foot wel l tha t was located on the Site Itself had beensampled r e p e a t e d l y and was f r e e of any contamination.
3.E Omaha C i t y Well

There are several techniques avai lable which permit the es t imation of risk to theOmaha Oity w e l l . Firs t , we wil l identi fy several a s sumpt ions .
1. The d i s tance f r o m the well to the Site Is one mile.
2. The produc t i on of the wel l is 70 GPM.
3. The w e l l is 2,000 f e e t deep.
4. The f u r t h e s t boundary of the recharge areas is one mile and is composed of 1%groundwaier on ihe average.
5. The Site area is 0.03 square mile.
6. The recharge area is 3 square miles.
7. The maximum s o l u b i l i t y of PCP is 14 p p m .' iG e n e r a l P l u m e

!f the p r o b a b i l i t y of contaminat ion is p r o p o r t i o n a l to charge-recharge areas, therewould be a 1% chance of p o l l u t i o n occurring. The d i l u t i o n would be expected to be100 fold r e su l t ing in 0.14 ppm as the maximum PCP concentration.
The e s t imated volume of water would be:
1,000 x 5.280 x 5,280 x 3 x 0.01 x 7 » 6 x 109 gallons.

The 190 ga l l on s of PCP wiil produce * 1.9 x 10s gallons of 1 ppm. The quantity cfPOP ava i lab l e is 50 times less than that needed. Obviously a general ptum@ poses norisk.
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Direct C h a n n e l
A direct channel of 3 f e e t in width is modeled as ex i t ing the Site . The probabi l i tyof it in t e r s e c t ing the Omaha City wel l bore ho l e is about one in 10,000. If one requiresan intersection at below 1,000 f e e t , the chances are one in 10 mil l ion.

If one assumes that the Omaha C i t y well produce s 70 GPM and the maximumamount of PCP lost in any year is 15 g a l l o n s , then at 1 ppm, the PCP s u p p l y would beexhausted in:
IS70 x 24 x 60 x 1 ppm 150 days

or the average PCP concentration could not exceed 0.4 ppm.
A b s o l u t e l y the worst case would be that: (1) a direct channel connected the Siteto the Omaha City w e l l ; (2) no p o l l u t a n t PCP could be lost in t r a n s i t ; and (3) all thewater m i g r a t i n g in the channel was p u m p e d f r o m the wel l . Even given the worst case,the maximum concentration of PCP that could be maintained would be 0.4 ppm.
A reasonable person would exclude this po s s i b i l i ty as being too remote io meritcons iderat ion. Finally, 20 years a f t e r p o l l u t i o n of groundwat er begar, no PCP orcreosote has ever been detected in the Omaha City well.
Let us now assume that Cricket Spring was d i r e c t l y mixed with the Omaha Citywell water. A d i l u t i o n of at least 70 fold would occur. This would result in maximumPCP concentrat ions of 0.2 ppm. Again even t h i s e xaggerat ion fall s short of p roduc inga level of contamination with any s i g n i f i c a n t h ea l th Importance.

3.F C l i m a t i c F a c t o r s
The Site receives a p p r o x i m a t e l y 45 inches of prec ip i ta t ion per year. December,J a n u a r y and February are the dries t months. The wettest month s are f r o m April toJ u n e , P r e c i p i t a t i o n is g e n e r a l l y well d i s t r i bu t ed throughou t the year as shown inF i g u r e { ). P r e c i p i t a t i o n If a t e n t h of an inch or more g e n e r a l l y occurs on an average ofone day out of f i v e . One or more snowstorms occur every winter, but the snow covergenera l ly does not remain for mere than a few days. On an average, from $ to 10inches of snow falls each season.
The summers are l o n g and warm, wi th minimum n i g h t t i m e t emperature s In themid SO's (degrees F a h r e n h e i t ) . The daytime temperatures reach 100 degrees In mostsummers, with avarsge maximum temperatures in tha high 80' s and 90' s . The wintersare g e n e r a l l y mi ld , with the t emperature s falling to below zero about every other year.Daily maximum temperatures have never been as low as 0*. Minimum temperaturesof 0 or below on any season do not prevail for more than a few days.

4 . T O X I C O L O G I C A L P R O P E R T I E S ( H A Z A R D I D E N T I F I C A T I O N )

c
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4.A Creosote , S o l u t i o n s o f Creosote and^PCP T o x f c l t i e s
Creosote 1$ a d i s t i l l a t e f rac t i on f r o m coa! tar, a by-product In the conversion ofcoal to coke, which Is used in the manufacture of s teel. However, the ch emica l ,d i s t i l l a t e creosote Is a coal-derived product with a s p e c i f i c b o f l i n a range of 300* to700T.
In commercial wood treatment p l a n t s , the d i s t i l l a t e material can be used so l e lybut, In most treating operations, creosote is blended with coal tar, far bottoms, and/orheavy oi l s; these may be of coal or pe tro l eum origin. A l t h o u g h all are referred to ascreosote, there are s i g n i f i c a n t compositional variations between plant s . The coaluti l ized in the coking process can also affect both the composit ion of the coal tar andcreosote derived. No s p e c i f i c d e ta i l s are available through the l i terature or industrysources.
There is a substantial body of composi t ional and general in format ion available oncreosote d i s t i l l a t e s and commercial blends used In wood treatment processes (Lorenzand G j o v i k , 1972 as cited in ERA PD-2/3 on Wood Preservative Pesticides, 1981). It Isknown that they contain some of the aromatic amines and ni trogen compounds ofoc cupat ional concern for latent h ea l th e f f e c t s , such as skin, l u n g or b l a d d e rcarcinomas. Sulfur compounds are also present, but little data is available onconcentrations In creosote. These have been shown by some investigations to act asaccelerators or promoters of the carcinogenic process In laboratory animal studies(Norton, 1961; U j i n s k y , 1957).
Data on the c ompo s i t i on and d i s t r i b u t i o n of aromatic and po iynuc l earhydrocarbons I n d i c i t e s a s i g n i f i c a n t percentage of the 3 to 5-ring fu s ed compounds(Lorenz and G j o v i k , 1972; Combes, 1954). W h i l e many have been s p e c i f i c a l l yIdentified, there is a paucity of quantitative data on the two most potent carcinogens ofthese chamical groups; i.e., benz (a) pyrene and dibenzanthracene.
The variety o f blended materials I' s ed f o r creosote treat ing would r ea l i s t i ca l lypreclude q u a n t i f y i n g the range of these s p e c i f i c known carcinogenic compounds in thecommercial mixtures. Mora Importantly, this type of s p e c i f i c PNA analysis in the pasthas not provided a more reliable index of p o t e n t i a l skin contact or Inhalation hazardthan total benzene ex t rac tab l e organics because Individual compounds In thecreosote mixtures, i n d e p e n d e n t l y or in combination, can act as carcinogens diract'y, oras accelerators, promoters , end carcinogenic inhibitors.
Direct skin contact with creosote, if not p r o p e r l y removed, result s in chemicalburns (N1OSH, 1977a). The Pesticide Exposure Response Syst em of EPA contains anumber of reports of skirt erythema and f r equen t burns in ^ -r^nel h a n d l i n gcreosote-treated wood p r o d u c t s . Skin burns and al lergic re* -,/; ,rom creosotecontact have also been reported in a survey of the accident h- -'-;,• of fifty pressu-etreating plant s (Johnson. 1978a; McMHlan, 1976).
The occupational l imi t s In use as a guide for health risk control purpo s e s arebased on c ompo s i t i on and uses, b o i l i n g range and p l a n t experience. Thisconservative approach is based, in par t , on historic human experience related to the
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c ompound s end mix tur e s pr e s en t in creosote, and on siack wcx and o ther indus tr i e sand o c cupa t i on s ( M a u r o , 1 9 5 1 ; S h a m b a u g h , 1935; Combes, 1954).
A number of occupational exposure surveys to creosote materials in woodt r e a t i n g o p e r a t i o n s have been c onduc t ed . S^me ware N i O S H H e a l t h H a z a r dEvalua t i on s ( M a r k e l et a/., 1975. 1977). Others done in late 1978 and 197D *:y thewood t r e a t i n g i n d u s t r y were in re sponse to the EP.A-RPAH on the • -ood preservativepesticides. G e n e r a l l y , the data indicate that most personal exposure do not routinelyexceed the current coal tar p i t c h v o l a t i l e (CTPV) occupat ional s tandard of 0.2 mg/m3.T h e r e were a few h igh values r epor t ed which the inve s t iga tor s felt were due to s a m p l econtamination. AH the creosote e xpo sure data generat ed !n both the Health HazardEvaluations and indus try s tud i e s u t i l i z e d the NiOSH cyclohexane extract iongravimetr i c procedure. That data i n d i c a t e s tha personnel most e x p o s e d are thoseworking a d j a c e n t to the pres sure c y l i n d e r s d u r i n g the o p e n i n g , wood removal, andre f i l l ing tasks. Other more remote p e r s o n n e l a s s i s t i n g in l o a d i n g and u n l o a d i n g ,sorting timber, etc., appeared to have less exposure, and these were consis tently wellbeiow th$ l i m i t s f or benzene s o l u b l e airborne p a r t i c i p a t e s .
Creoso te is c ommonly h a n d l e d and c o n t r o l l e d occupat ional^ as t h o u g h s imi lar tocoal tar in heal th e f f e c t s as a contact irritant, pho to s ens i t i z er , and potent ia l carcinogenwith rou t ine , p r o l o n g e d contact or i n h a l a t i o n . T h e r e is n e i t h e r p o s i t i v e nor nega t iv ehuman e x p e r i e n c e data in tho d t r ea t ing Industry to ind i ca t e that a d d i t i o n a l or lessrestrictive expo sure control is a p p r o p r i a t e .

4 . B P C P M d ' a b o l l s m
W e i n b a c h ushered in the era of m o l e c u l a r t o x i c o l o g y of p e n t a c h l o r o p h e n o l in1954 when he s tudied the e f f e c t s of p en ta ch l oropheno l on oxidative pho sphory la t i on .This work was f o l l o w e d by p a p e r s in 1956 on the o f f s e t s of p e n t a c h l o r o p h e n o l c *m i t o c h o n d r i a ! a d e n o s i n e t r i p h o s p h a t a s e and the b iochemical bases of l o x i c i t y ofp e n t a c h l o r o p h e n o l in the P r o c e e d i n g s of the National Academy of Sci ence s in 1957.in 1958, Parker r epor t ed on the en?.ymatic act ivi ty of rat l iver mi to chondr ia andF a r q u h a r s o n , G a g e and N o r t h o v e r p u b l i s h e d on the b i o l o g i c a l react ions o fp o n t a c h l o r o p h e n o l .

! Weinbach and Garbus p u b l i s h e d a series of p a p e r s in 1964,1965 and 1968 onthd a b i l i t y o f p e n t a c h l o r o p h e n o i to uncoup l e mitochondria! p h o s p h o r y l a t i o n .
The e f f e c t s o f POP on the ox ida t ive p h o s p h o r y i a t i o n In the mi to chondr ia weres tudied by several authors and Is i m p o r t a n t in u n d e r s t a n d i n g e f f e c t s observed in thehuman kidney, At h igher concentrat ions of 1-50 mM POP ATPase activity is Inhibited;and d e p e n d i n g on the subs trate , the uptake of I n o r g a n i c p h o s p h a t e end oxygen iss u p p r e s s e d e i ther p a r t i a l l y or c o m p l e t e l y . Buffa et al. f o u n d that the behavior of theATPase act ivi ty in the course of in tox i ca t i on and the effect of POP upon this activitywhen added In vitro to i n j u r e d mi to chondr ia , were indicat ive of the presence of theinh ib i t or In th e p a r t i c l e s i s o l a t e d f r o m th e P C P - i n j e c t e d animal. T h e y concluded thatPCP acts on mitochondria in vivo PS well as In vitro.
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After a d m i n i s t r a t i o n of a low oral dose of j > e n t a c h l o r o p h e n o l (0.1 m g / k g bw) tovolunteers , t K e k i n e t i c s f i t t ed an ooeri o n e - c o m p a r t m e n t m o d e l , with ex t en s ivee n t e r o n e p a t i c c i r c u l a t i o n , in the urine, 86% of the dose was excreted in seven days;t h 9 h a l f - t i m e s f o r e l i m i n a t i o n o i p e n t a c h l o r o p h e n o l a n d p e n t a c h l o r o p h e n y l ^g l u G u r o n i d e were 33 and 13 h, r e s p e c t i v e l y (Braun eta/., 1979). After r e p e a t e d "o c cupa t i ona l e x p o s u r e s , s lower urinary e l i m i n a t i o n of p e n t a c h l o r o p h a n o l has beenreported ( B e g l e y et a/., 1977). in an abstract , the h a l f - l i v e s for the urinary excretion of2,4,6-tri-, 2,3,4,5-tetra- and p e n t a c h l o r o p h e n o l were repor t ed to average 18 h, 5.1days and 16 days, r e s p e c t i v e l y (Pekari eta!., 1985). Kalman and H o r s t m a n ( 1 9 8 3 )reported that t h e minimum e s t i m a t e d h a l f - t i m e l o r u ' ; n a r y e l i m i n a t i o n o f 2,3,4,6-t e t raoh l orophono! in two occupational^ exposed workers was a p p r o x i m a t e l y two days.
Of to ta l urinary p e n t a c h l o r o p h e n o l , 40% or more has been f o u n d to be in the f ormof c onjugat e s ( E d g e r t o n & Moseman, 1979; N e e d h a m ef a/., 1931). H u m a n l ivermicrosomes m e t a b o l i z e p e n t a c h l o r o p h e n o l t o t h e g l u c u r o n i d e c o n j u g a t e ( L i l i e n b l u m ,1985). in an ab s t rac t , It was r e p o r t e d that 2 , 3 , 4 , 6 - t e t r a c h l o r o p h e n o l and 2,4,6-tr i ch lorophenol occur in the urine almost exc lus ive ly as c on jugat e s (Pekari et al.,1985).
W i t h the excep t ion of c on juga t e s , the only other metabol i t e of pentachlorophenolde t e c t ed In humans i s t e t r a c h l o r o h y d r o q u i n o n e (Ahlborg otai, 1974). H u m a n l ivermicrosomes me tabo l i z e p e n t a c h l o r o p h e n o l to thi s compound (Juhl etai, 1985).
2 , 4 - D i c h l o r o p h e n o l , 2 , 4 t 6 - t r i c h l o r o p h e n p l ( J u d i s , 1 9 8 2 ) a n d p e n t a c h l o r o p h e n o l( H o b e n 6t al., 1976) have been shown to bind r e v e r s l b l y to human serum albumin.The b inding affinity appears to be related to l i p o p h i l i c i t y (Judis, 1982).

4 . C P C P A c u t e T o x i c l t y
I n V 0 6 , B e c h o l d a n d E h r l i c k f i r s t c a l l e d a t t e n t i o n t o ( h e t o x i c i t y o fp e n t a c h . . o p h e n o l . Their work was f o l l o w e d by t o x i c o l o g i c a ! s t u d i e s onpentach lorophenol by Bayle in 1924. K e h o e , Deichman and Kitzmiiler conducted acomprehensive s t u d y in 1939. Boyd. M c G a v o c k , Terranova and Picc lone p u b l i s h e dp a p e r s in 1940 and 1941 on the acute and chronic i n t o x i c a t i o n s w i thpentach lorophcno t in rabbits, in 1941, Adams and co-workers s tudied the response ofrabbit skin to p e n t a c h l o r o p h e n o l as a number of c ompounds reported to causeA c n a f o r m dermat i t i s .
B y t h e b e g i n n i n g o f W o r l d W a r I I , research w a s p l e n t i f u l a n d p u b l i c a t i o n s h a dappeared in several countries, covering several different routes of e xpo sure , durationsof exposure and l ev e l s of exposure with at least f i v e species of e x p e r i m e n t a l animals.In 1948, Monsan to Chemica l Co. p u b l i s h e d the T o x i c o l o g y and D e r m a t o l o g y ofPenlach loropheno i and S o d i u m Pentachlorophenate .
Acut e t o x i c i t y s t ud i e s have been p e r f o r m e d in several species. The acut .s y m p t o m s of i n t o x i c a t i o n are v o m i t i n g , h y p e r p y r e x i a , e levated blood pressure,increased r e sp i ra t i on rate and a m p l i t u d e , tachycardia and h y p e r g l y c e m i a . Later,f r equent d e f e c a t i o n , weakened eye reflex and d e v e l o p i n g motor weakness are seen.



A n i m a l data and human s tud i e s c* expo sure s a f t e r 1977 are of little value inp r e d i c t i n g t h s e f f e c t s o f exposure s t o P O P manufac tured i n t h e S O ' s a n d 6 0 ' s since t h ecommercial product had been Improved upon the removal of toxic contaminants.S e v e r a l p a p e r s a p p e a r e d i n th<* 1 9 7 0 ' s d e m o n s t r a t i n g tha t much o f t h e t o x i c i t yexpressed by technical POP was not present in p u r i f i e d POP.
The tox ico logical e f f e c t s of occupational exposure to ch loropheno l s have beenreviewed ( I A R C , 1 9 7 9 A ; A h l b o r g a n d T h u n b e r g , 1980; S t e r l i n g * f al.} 1982), T h eacute t ox i c i ty of c h l o r o p h e n o l s , e s p e c i a l l y p e n t a c h l o r o p h e n o l , is m a n i f e s t e d byh y p e r t h e r n i i a , c o n v u ' s i e n s and rapid death. Most data on the t o x i c i t y of c h i o i o p h e n o l scome f r o m s tud i e s in o c c u p a t i o n a l environments , and the u f ' e c t s described I n c l u d eskin i r r i t a t i o n , rashes and sometimes ch loracne , I n d i c a t i o n s of f i v e r damage andneurological e f f e c t s (Fie lder e t a/., 1982).

I n 1942, Deichmann, M a c h l e , K i t z m i l l e r a n d T h o m a s s t u d i e d t h e acute e f f e c t s ;local and sys t emic e f f e c t s r e s u l t i n g f r o m repeated cutaneous a p p l i c a t i o n s ; cumulat ivee f f e c t s o f small oral dose s; d i s t r i b u t i o n o f p e n t a c h l o r o p h e n o l in t i s sue s; d e t o x i f i c a t i o nof p e n t a c h l o r o p h e n o f by c o n j u g a t i o n ; and removal of p e n t a c h l o r o p h e n o l a c c i d e n t a l l ys p i l l e d on the skin. T h e s e authors conducted d e t a i l e d h i s t o p a t h o l o g i c a l examinations.Dogs, cats, rabbits, rats and guinea pig s were studied. In 1943, Mackle , Deichmannand T h o m a s reported on the iate of p e n t a c h l o r o p h e n o l in e x p e r i m e n t a l animals.
4 .D PCP C a r e l n o g e n l c l t y

In 1959, a p a p e r o f s p e c ia l note appear ed In Cancer Research. This report wasauthored by Boutwel! and Bosch. The topi" as tumor-promoting action of phenol i cc o m p o u n d s I n c l u d i n g p e n t a c h l o r o p h e n o l . ' . . M S p a p e r do cument s t h e concerns aboutcancer being known to researchers as early as 1957 when the pro j e c t was conceived.
The s y m p t o m s observed in man f r o m excessive acute or chronic o c cupa t i ona le xpo sur e s and a c c i d e n t a l p o i s o n i n g have b a s i c a l l y been d u p l i c a t e d In an imal s(Deichman. 1»4?; K n u d s o n . 1974; G o l d s t e l n , 1977). The commercial produc t hasbeen shown to c: h i g h l y toxic by i n g e s t i o n , inhala t i on , skin contact, and absorpt ion forseveral species. T h e r e are no animal data Indicating that t echnical prada PCP Iscarcinogenic. S t u d i e s have been done at dietary level s of up to 30 mg/kg per day forrodents with no s i g n i f i c a n t Increase in the I n c i d e n c e of tumors for the ful l l i f e t ime of theanimals ( S c h w e t z , 1973; Johnson, 1978c). S i m i l a r results were obtained with mice.
Dermal a p p l i c a t i o n s did not promote tumorigenic activity when used inc o n j u n c t i o n with a known carcinogen in a s i n g l e a p p l i c a t i o n ( B o u t w e l l and Bosch,1959).
P e n t a c h l o r o p h s n o l was I n c l u d e d In the NCI Bio-aeeay Program. No dataI n d i c a t i n g that PCP or the pr edominant secondary reactions product s have s i g n i f i c a n tbiological activity (NCI, 1978) has been received.

4.E PCP M u t a g e n l c l t y



The g e n e t i c e f f e c t s o f c h l o r o p h e n o l s havo been reviow? d ( W a s s o m &t a/.,1977/1978; Exon, 1984).
P e r i p h e r a l blood l y m p h o c y t e s were taken each month f r o m J a n u a r y to May f r o ms i x workers e x p o s e d t o p e n t a c h l o r o p h e n o l In a wood tr ea tment p l a n t In Idaho , USA"and f r o m f o u r control subjec t s . During tKs t ime, exposure varied considerably. Leve l sof p e n t a c h l o r o p h e n o l res idues in the s e n j m and urine were one to two orders ofm a g n i t u d e h i g h e r in th e e x p o s e d i n d i v i d u a l s than In th e s i n g l e control measured(serum; 348-3963 versus 38-68 jig/I; urine: 41-760 versus 3-4 jig/l). Lymphocyte swere cul tured for 48 hours and o n l y 25 c e l l s were examined f r o m each person. TheI n c i d e n c e of chromosomal aberrations (breaks and g a p s ) was not s ta t i s t i ca l ly differentin the two groups (Wyllie etal., 1975). [The W o r k i n g G r o u p noted the small number ofworkers and the s m a l t s a m p l e size of c e l l s ] . .
B a u c h i n g e r etal. ( 1 9 8 2 ) examined l y m p h o c y t e chromosomes f r o m 22 maleworkers e m p l o y e d at two p l a n t s of a p e n t a c h l o r o p h e n o l - p r o d u c i n g f a c t o r y In theF e d e r a l R e p u b l i c o f Germany. The mean concentra t i on s of p e n t a c h l o r o p h e n o l in theblood and urine of workers at one p lan t (produc ing p e n t a c h l o r o p h e n o l ) was 4.73 and2.38 n g / m l , and in the second p l a n t ( p r o d u c i n g the sodium salt). 2.23 and 0.84 n g / m l ,r e sp e c t iv e ly . A s m a l l , but s i g n i f i c a n t increase in the f r equency of d i c entr i c s (0.0016versus 0.0005 per cell) and acentrics (0.0057 versus 0.0022 per cell) was observed Inexposed workers as compared wi th a g r o u p of 22 matched controls (300 c e l l s wereexamined from each worker and 500 from each control). No d i f f e r e n c e was found forother categorie s of damage ( g a p s , chromalid breaks and chromat id exchanges). Nos ign i f i can t Increase in the incidence of sister chromalid exchanges (SCEs) was f o u n din p e n t a c h l o r o p h e n o l - e x p o s e d workers who smoked as compared with smok ingcontrol s (9.41 versus 8.89 per c e l l ) . Within the control group, smokers had a h i g h e rI n c i d e n c e o f S C E s than nonsmokers (8.89 versus 7.60). [The W o r k i n g G r o u p notedthat the unusual p a t t e r n of chromosomal damage in the exposed groups , s imi lar to thata f t e r exposure to radiation.)
Chromosome studies were made on a group of workers In England ten yearsa f t e r a c c id en ta l expo sure to crude 2 ,4 .5- t r i ch l oropheno l In which TCOD was a tracecontaminant (Blank et aL, 1963). G r o u p A was the control, group B had 'possibly beene x p o s e d 1 , and G r o u p C was 'known to be e x p o s e d ' (with chloracne). Fifty c e l l s wereexamined f r o m each sub j e c t . Chromosomal aoerrations (in pr epara t i on s f r o m 48-hcul ture s) were scored in 124 i n d i v i d u a l s (31 In group A, 55 In group 8, and 38 in group0). No s i g n i f i c a n t d i f f e r e n c e was f o u n d between the g r o u p s e i t h e r as regardschromosomal damage or S C E s . The mean number of chromosomal aberrations percell was 0.0755 In g r o u p A, 0.0807 In group B and 0.0858 In Group C. The meannumber of S C E s per cell was 6.0 In group A, 8.5 in Group B and 8.1 in Group C. [TheWorking G r o u p noted that the number of aberrant c e l l s was not given nor was the t y p eof aberration descr ibed.]

4 . F P C P T > r e i t o g e n l c l t y / R o p r o d u c t i v e E f f e c t s
In contras t , f t has been d e m o n s t r a t e d to be t e t o t o x i c , causing s i g n i f i c a n tanomalies (Schwetz, I374b; Hinkie, 1973). This data Is from studies of pregnant ratsfed the material at different l eve l s during iha critical s tages of ge s ta t ion. Some of the
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minor side reac t ion p r o d u c t s in PCP are known to be embryotoxic and p o s s i b l yt e r a t o g a n i c when admini s t e r ed o r a l l y to rodent s "(Schwetz 0tal., 1973).
4.O, P C P Other H e a l t h E f f e c t s ; I n c l u d i n g N e u r o t o x l e l t y , I m m u n o -D e p r e s s a n t A c i d i t y , A l l e r g i c Reac t ions , Etc.

Severe d e r m a t i t i s and neuro log i ca l d i s turbance s have been noted In humansf r om chronic skin or i n h a l a t i o n exposure. Typically, the f i r s t s y m p t o m s are bronchi t i sand/or chloracne. G e n e r a l l y , when chronic symptoms occur, the recovery time isl e n g t h y and can require up to a year ( B a a d e r and Bauer, 1951). Other m e d i c a lproblems which have been reported in man are reduction in l ibido and centra! nervoussystem e f f e c t s . The l a t t e r are somewhat les s certain since, In most instances, theexposures were not exclus ively to PCP ( C a m p b e l l , 1952).
Zober eta!. ( 1 9 8 1 ) have reported immunolog i ca l changes in woodworkersexpo s ed to p e n t a c h l o r o p h e n o l , and McQovern ( 1 9 8 2 ) observed marked T-ce l lsuppres s ion in several persons exposed to ch l o ropheno l s . A p l a s t i c anaemia hasbeen associated with e xpo sure to p e n t a c h l o r o p h e n o l (Rober t s , 1981). Baader andBauer ( 1 9 5 1 ) mentioned haematological changes In workers In a plant manufacturingp e n t a c h l o r o p h e n o l .
C h l o r a c n e * s i m i l a r to acne v u l g a r i s In appearance - is seen in some heavily-exposed workers (see K i m m i n g a.id S c h u l z , 1957; Arsenaut t , 1976; Susk ind, 1935). ftIs one ot the most p r o m i n e n t f e a t u r e s of exposure to TCDD, which occurs as anI m p u r i t y In commerical chlorophenol preparations.

4 .H PCP E p l d e m l o l o g l c a l Evidence ( C h e m i c a l - S p e c i f i c o r Si t e -Spec i f i c)
There were many reports in thr . .xicological and I n d u s t r i a l heal th and hygienel i t e r a t u r e d u r i n g t h e 1 9 5 0 ' s concerning p e n t a c h l o r o p h e n o l t ox i c i ty . T h r e e p a p e r sappeared In 1951. Baader and Bauer pub l i s h ed on the intoxications of Germanworkers where chloracne ( A c n e f o r m d e r m a t i t i s ) was observed. (It Is noteworthy that in1957, K i m m i n g and S c h u l z r epor t ed that t e chn i ca l p e n t a c h l o r o p h e n o l produced In af a c t o r y In G e r m a n y produc ed hyperk era t o s i s In the sar o f rabbits whereas purep e n t a c h l o r o p h e n o l did not, s u g g e s t i n g the presence of d ib enzo-p-diox in s .) S t o h m a np u b l i s h e d on the general t o x i c i t y of p e n t a c h l o r o p h e n o l and Herdt, Loomis and Noianreported on the effects of oral admin i s t ra t i on to exper imenta l animals.
T h e s e report s were quickly f o l l o w e d by two a d d i t i o n a l reports In 1952, T r u h a u t ,I'Epee and Boussemart s t u d i e d o c cupa t i ona l I n t o x i c a t i o n s in France and C a m p b e l lr e p o r t e d on n e u r o l o g i c a l d e f i c i t s in p er sons o c c u p a t i o n a l l y e x p o s e d t op e n t a c h l o r o p h e n o l in Britain. iIn 1953, the W o r l d Health Organization M o n o g r a p h Seri e s I n c l u d e d a p a p e r byBames on the tox ic hazards of p a n t a c h l o r o p h s n o l .
T h r e e a d d i t i o n a l p a p e r s were p u b l i s h e d between 1956 and 1959 on the t o x i c i tyof p e n t a c h l o r o p h e n o l to humans. In 1956, Bordon asked "How dangerous Isp a n t a c h l o r o p h e n o l ? " . In 1958, M e n o n p u b l i s h e d in the British Medical J o u r n a l on the
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tropical hazards o f p e n t a c h l o r o p h e n o l . In 1959, Shirakawa, N a g a l o s h i a id Hirakawaconducted s tudie s on workers exposed to p e h t a c h l o r o p h e n o l in the Asian rubberm a n u f a c t u r i n g indus try. In 1959, Ple skova and Banege also p u b l i s h e d on the toxicprop er t i e s of p e n t a c h l o r o p h e n o l and Harri son repor t ed on toxic e f f e c t s on stock in.New Zealand. .
In 1961, B l a i r p u b l i s h e d in the B u l l e t i n o f the W o r l d H e a l t h Organization on thedangers of the use and h a n d l i n g of p entach loropheno l .
In 1963, Buffa, C a r a f o l i and M u s c a t e l l o described ml t o chondr ia l biochemicall e s ions and p y r o g e n i c e f f e c t s due to p o n t a c h t o r o p h e n o l ; Roberts f ir s t reported a p i a s t i canemia due to p e n t a c h l o r o p h e n o l ; and Vini egra , Ma^guez and Saraboso reportedhuman I n t o x i c a t i o n s in Mexico.
Two repor t s of human p o i s o n i n g a p p e a r e d En 1965. Bergner, C o n s t a n t i n d i s andMart in p u b l i s h e d about an indus tr ia l p e n t a c h l o r o p h e n o l po i s on ing in W i n n i p e g ,Canada in 1965 and C h a p m a n and Robson repor t ed on p e n t a c h l o r o p h e n o l p o i s o n i n gfrom bath water
In 1967, Bevenue and Beckman discussed the proper t i e s and residues ofp e n t a c h l o r o f H e n o l in human and animal tissue.
In 1969, Robson, K i s s a n e , Ervick and P u n d e v e l a expanded on Robson's report o f1965 and described p e n t a c h l o r o p h e n o l poi soning of newborn Infants a f t e r exposurein a nursery.
I n 1969 , C a s a r e t t , Bevenue, H a u g e r a n d W h a l e n r epor t ed l e v e l s o fpentach lorophenol in human blood and urine.
The Dow Chemical Company's product l i t erature of 1969 warned that frequentskin contact with p e n t a c h l o r o p h e n o ! may result in A c n e f o r m dermat i t i s .
The acute t o x i c i ty e f f e c t s r epor t ed f r o m p l a n t exper ience with POP exposure arebasically a t tr ibu tab l e to the pentachlorophenol and the tri- and tetrachloro Isomersecondary reaction p r o d u c t s rather than the d i ox in s or d i b e n z o f u r a n s ( M e n o n , 1958;Robson ot a/., 1969). The material used In the treatment plant has been shown to betoxic by both Inhalation and dermal ab s orp t i on In a d d i t i o n to Its skin Irritating andp h o t o s e n s i t i z i n g proper t i e s .
A number of acute occupational and non-occupational cases of poi soning haveoccurred, several of which have been fatal ( G o r d o n , 1956; Menon, 1958). The acutecases documented have occurred In app l i ca t i on s where there was s ign i f i can t contactand/or close p r o x i m i t y to obvious airborne sources such as when spraying solutions ofpentach lorophenol for wood preservative surface treatment and In d i p p i n g operations.Most I n c i d e n t s pr eda t e the mid 1960's . A later documented acute e p i d e m i c alsooccurred when the material was I n a d v e r t e n t l y used as a d i s in f e c tant (Armstrong,1969). In that instance, the s y m p t o m s which occurred were f r o m skin absorpt ion andresulted In the death of two in fan t s . Other short term e f f e c t s pub l i sh ed include eye andu p p e r respiratory i r r i t a t i o n f r o m the emissions of hot treating solutions.
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A New Z e a l a n d s tudy of s o f t - t i s s u e sarcoma {referred to in the (ARC M o n o g r a p hon Occupat ional Expo sure s to C h l o r o p h e n o x y H e r b i c i d e s , p. 3 9 1 ) f o u n d an odd s ratioof 1.6 (90% Cl, 0.5-5.2) for po t ent ia l exposure to ch toropheno l s for f ive days or more,more than ten years prior to d iagno s i s (Smith etal, 1984). Work In p e l t - t r e a t m e n t 'd e p a r t m e n t s (where 2 , 4 , 6 - t r i c h l o r o p h e n o l has been u s e d ) or in tanneries (wherepemachlorophenol and 2,4,6-trichlorophc^oI are used) yielded an odds ratio of 7.2(six expos ed cases; p *= 0.04), W h e n meat works and tanneries were contacted, it wasf o u n d that two of the cases could not have been expo s ed to c h l o r o p h e n o l s andexposure of a third was u n l i k e l y , while two could have been exposed to 2,4,6-t r i c h l o r o p h e n o i and one to p e n t a c h l o r o p h e n o l .
H a r d e n Qt al s tudied 44 cases of nasal cancer and 27 cases of nasopharyngealcancer in nor thern S w e d e n and compared the r e p o r t e d f r e q u e n c y of exposure toc h l o r o p h e n o l (and other c h e m i c a l s ) with that of the combined 541 r e f e r e n t s f r o mearlier studies (Hardell and S a n d s t r 6 m , 1979; Eriksson etal.f 1981) from the Umearegion. E x p o s u r e was assessed in the same way as In the previous s tud i e s (seeabove). A relat ive risk e s t imate of 6.7 (95% CI, 2.8-16.2) was f o u n d for exposure toch l oropheno l s of more than one week, continuously or Intermittently for more than onemonth. The most f r e q u e n t occupat ions In which exposure occurred were s a w m i l l i n gand carpen try . After c o n t r o l l i n g for exposure to wood dus t , an odd s ratio of 6.7 (95%Cl, 2.9-15.6) was obtained.
A s t u d y of 167 s inona sa f cancer cases and 167 coiorectal cancer control s carriedout In Denmark, Finland and Sweden f ound an association with woodwork (Hernberget al., 1983). Two cases and no r e f e r e n t had probab ly been exposed to c h l o r o p h e n o l sin a d d i t i o n to wood dust. A s tudy of 639 cases of sinonasal cancer and 2465 control sf r om the Danish Cancer Regi s t ry c l a s s i f i e d these according to wood dust andc h l o r o p h e n o l exposure. A re la t iv e risk of 0.6 (95% Cl, 0.3-1.2) was seen a f t e ra d j u s t m e n t for exposure to wood dust (Olsen and M0lleKfensen, 1984). [The WorkingGroup noted that c la s s i f i ca t i on of chloropheno! exposure was based on occupationaltitle and might not have been accurate.]
Several cases of acute pentachloropher.o l Intox i ca t i on have resulted from dermalexposure (Truhaut et al., 1952; Menon, 1958; Robson QtaL, 1969). Among sawmillworkers, the h ighe s t urinary concentrations of c h l o r o p h e n o l s were f o u n d a f t e r dermalexposure ( K a u p p i n e n and LJndroos, 1985). Urine and serum concentrations of penta-and t e t r a c h l o r o p h e n o i s were higher In workers exposed both d e r m a l l y and byInhalation than in those expos ed by Inhalation only. However, fn the absence ofdermal exposure, workers exposed by inhalation were found to have higher serumchlorophenol l eve l s than nonexposed workers, ind i ca t ing that pu lmonary ab sorpt ionmay also be I m p o r t a n t (Embree &ta!.t 1984). A b s o r p t i o n of p e n t a c h l o r o p h e n o l f r omthe gastrointestinal tract is rapid (Braun ef a/., 1979).
In necropsy material f r om the general p o p u l a t i o n , h ighe s t concentrations o fpentachlorophenoi were detected in the liver, brain and kidney (medians: 67, 47 and43 ng/g, r e s p e c t i v e ly) (Grimm QtaL, 1981). The concentrations g enera l ly reported infat are lower (range of median values, 10-23 ng/g) (Shafik, 1973; One, 1979; M o r & a d eet a/., 1980; Frimm 0t a/., 1981).
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4.1. A q u a t l c / N o n - H u r n a r t T e r r e s t r i a l S p e c i e s T o x l c i t y / E n v l r o n m e n t a lQ u a l i f y I m p a i r m e n t
P e n t a c h l o r o p h e n o l

P e n t a c h l o r o p h e n o l (PCP) and i t s s a l t , sodium p e n t a c h l o r o p h e n a t e (NaPCP) aretwo of the most w ide ly used pe s t i c ide s in the Uni t ed S l a t e s (Cirelli, 1978) because oftheir e f f e c t i v e n e s s aga in s t a wide s p e c t rum of targe t organisms, PCP and NaPCPhave been used e x t e n s i v e l y as f u n g i c i d e s , herbic ides , I n s e c t i c i d e s , bac t er ioc ide s ,and molluscicides in f o r e s t , agriculture, t e x t i l e , and paint industries. As a result of itswide a p p l i c a t i o n , PCP has been de t e c t ed in human and animal t i s sues (Bevenue andBecknrun, 1 9 6 7 ) , in f i s h e s ( L a n d n e r , e / a / . , 1977), and o ther non-target organisms aswell as in aquatic environments ( M a t s u m o t o , et a/., 1977) indi ca t ing PCP's wided i s t r i b u t i o n in the to ta l environment.
A number of s tud i e s have been p e r f o r m e d to determ!'^ the toxic e f f e c t s ofN a P C P o n f r e s h water f i s h e s . H a n u m a n t e a n d K u l k a m i ( 1 & 7 9 ) s ' J d i e d t h e acutet ox i c i ty of PCP to an i m p o r t a n t f r e s h water f o o d fish, Channa gacnuz ~hey repor t edthe 96 hr LCso to be 0.39 p p m . In comparison with other ires'" water f i s r -& t the toxici tyvalue of NaPCP for a 96 hr exposure of Channa is c r i t i ca l ly higher. Reported 96 hrLCso for blue g i l l s was 0.02 p p m ; for g o l d f i s h , 0.05 ppm { i n g l i s and Davis, 1972); andfor sockeye salmon, 0.064 ppm ( W e b b and Brett, 1973).
A review of f i s h l i f e - c y c l e t o x i c i t y t e s t s s u g g e s t s that embryo-larval and e a r l yj u v e n i l e s t a g e s are among the most s en s i t iv e for most t o x i can t s (McKim, 1977).J o h a n s e n et a/. (1985) reported on the toxicity of PCP to various l i f e - cyc l e stages of awarm water sp e c i e s , the large-mou th bass (Microptorus satmoides). A l s o , us ing l o n gterm expo sure s to low concentrat ions of PCP these authors d e t e rmined the h ighe s tPCP concentration which caused no s ign i f i can t increase In mortality. The LCso datafor fry at 14 and 28 days was 0.285 ppm. The LD50 for 49 and 84 day old fry was0.159 ppm. They conc luded that between 28 and 49 days of age, large-mouth bass frybecame less tolerant to PCP poisoning. For both 1 and 2 year old bass, the LCso was0.194 p p m , not di s s imilar from that of bass at 49 and 854 days of age.

, Chronic exposure of bass to PCP was studied using a 120 day exposure period.The 120 day LCso was calculated to be 0.054 ppm. This LCso was roughly a third ofthe 96 hr LCso for fry 49-84 days of age. The 120 day mor ta l i ty data of the g r o u ptreated with 0,083 ppm was s i g n i f i c a n t l y higher than that of the controls, whereas theother treatment groups, inc luding thoses exposed to 0.041 ppm, showed no s ignif i cantd i f f e r e n c e f r o m th e un tr ea t ed group. T h u s , t h e maximum ac c ep tab l e toxicantconcentration fell between the values of 0,041 and 0.83 ppm.
Owen and Rosso ( 1 9 8 1 ) monitored the h i s t o log i ca i changes fn the livers of bluegiU s u n f i s h expo s ed to a s u b l e t h a l dose of PCP (0.1 ppm). T h e y f o u n d that a f t e r 1 dayof exposure, the liver still retained the normal sheet-type arrangement of hepatocytes ,most of which contained no tab l e glycogen reserves. The most obvious changes wereIncreased numbers of nucle i with prominant n u c l e o l i , an apparen t increase In iron*positive macrophages in the vicinity of the veins, and a tendency of some peripheral
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hepatocytes to become eosinophiiic and for al! cell boundaries to become less dist inct.in spe c imens exposed for 2 days, p er iphera l e & s i n o p h i f i a was more accentuated andp e r i p h e r a l nucle i were b a s o p h i l i c , whereas c e n t r a l l y located c e l l s had hypochromat i cnuclei with d i s t inc t nuceoli, G l y c o g e n was absent f r o m p r a c t i c a l l y all c e l l s and cellboundaries were almost ind i s t ingu i shab l e . Groups of c e l l s , a p p a r e n t l y multikaryotic,*' tha cord-l ike o r a g a n f e a t i o n of the hepatocytes.
After 4 days, the exposed livers resembled a more normal !i' " «han did livers off i s h exposed for 2 days. There was less c lumping of co l l s , tower ptx. j .luclei, and anappar en t t e n d e n c y for h e p a t o c y t e s to reorganize into a shee t-type system. Iron-p o s i t i v e m a c r o p h a g e s were still obvious; p e r i p h e r a l and central ceils had s i m i l a rs taining af f ini t i e s for H&E. At the end of 6 days of exposure , the overall f i v e rorganization was somewhat similar to that .of the 4 day exposure interval; however.c y t o p i a s m i c d i s s o c ia t ion and c e l l u l a r h y p e r t r o p h y were common, indicat ing thatp o r t i o n s of the l iv er were u n d e r g o i n g p i e c emeal necrosis. By the end of the 16th dayof e xpo sure , a normal cord-like arrangement of h e p a t o c y t e s occurred in various par t sof the f i v e r ; other areas still exhibited f o c i of dying and regenerating cells. A g g r e g a t e sof iron-posit ive macrophages were associated with most of the veins in any givent i s sue section. After 32 days of e xpo sur e , the entire livers were - p a l e y e l l o w whend i s s e c t e d , i n d i c a t i n g a "fatty" c ond i t i on . Upid g l o b u l e s , a p p a r e n t l y larger than those o fspec imens exposed for 16 days, occupied much of the cell volume. Lipidaccumulation, however, had not proceeded to the point of d i sp lac ing the nuclei f romthe ceil center in most h e p a t o c y t e s . A l t h o u g h there were l iver areas with we l lorganized h e p a t i c cords, the overall o rganiza t i on of most liver h epa to cy t e s had notimproved over that of the 16 day exposure specimens.
T a g a t z e t al. ( 1 9 8 1 ) s t u d i e d the e f f e c t s of POP on a lr eady e s tab l i s h ed aquaticcommunit i e s , both in the l abora t ory and in the field. Each of these communities wasexposed to POP concentrations of approx imat e ly 0.001, 0.013 and 0.14 ppm for 7days. Community structures were s i g n i f i c a n t l y altered by 0.14 ppm POP in both thelaboratory and f i e ld systems. M o l l u s k s , a r t h r o p o d s and a n n e l i d s p o p u l a t i o n s weres i g n i f i c a n t l y decreased in the systems exposed to the h ighe s t concentration of POP.
Thomson and Strachan (1981) determined the rate of NaPCP biodegradation: (1)under aerobic/anaerobic condi t ion, (2) wi th /wi thou t co-metabolites and. (3) with.d i f f e r en t n i t r o g e n sources, in labora tory e n v i r o n m e n t a l l y - c o n t r o l l e d f e r m e n t o r se m p l o y i n g an accl imatized bacterial culture f r o m activated s ludge . Oxygenation interms of aerobic or anaerobic condition in the growth medium was found to have apro f ound effect on the rate of PCP degradation. After 3 days, the concentration of POPin an aerobic f e r m e n t o r had decreased to a n e g l i g i b l e amount, white 100% of theadded PCP remained unchanged in the anaerobic f ermentor. F u r t h e r incubation ofthe lat ter for 28 days resulted in only 5% degrada t i on , I n d i c a t i n g the Inherentpersis tence of PCP under anaerobic environments. The halMives of PCPconcentrations in aerobic and anaerobic metabolic f ermentor s were calculated to be0.36 and 192 days, respect ively.
During the process of PCP degradat ion, 4-chlorophenats (MCP), the co-m e t a b o l i t e was f o u n d to b t oo egrada under both aerobic (tso»0.29 days) and anaerobiccondi t ions (tso«5.8 days). This observation indicated that even the low ch lor inated
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p h e n o l s were s u s c e p t i b l e to c o n d i t i o n s of o xygena t i on in the natural environment. Tof u r t h e r i n v e s t i g a t e the impact of co-metabol i sm on PCP b i o d e g r a d a b i l i t y . glucose (500p p m ) was added to to the aerobic f e r m e n t o r s as a co-metaboli te . Both g luco s e andMCP were f o u n d to suupress the rate of PCP degradat ion. Gluco s e at 100 ppm hadbeen reported to retard PCP b i o d e g r a d a t i o n ( W a t a n a b e , 1973).
T h o m s o n and S t r a c h a n also s t u d i e d the effect of a n i t rogen source in the growlmedium on PCP d e g r a d a t i o n . Yeas t extract was shown to have a d i s t in c t s t i m u l a t i n ge f f e c t on PCP d e g r a d a t i o n ; however, p e p t o n e t e n d e d to inh ib i t PCP d e g r a d a t i o n .A m m o n i u m s u l f a t e , ammonium ni t ra t e and urea did not a p p e a r th exhib i t anys i g n i f i c a n t s t imula tory or inh ib i t o ry effect on the rate of PCP degradat ion.
During recent years, an increasing number of cases of suspected PCP poisoningof f a r m animal s has besn r epor t ed . Diagno s i s of PCP p o i s o n i n g had been l a r g e l ybased on the s ta t ement s of farmers that the animals had been exposed to PCP.F r e q u e n t l y , the expo sure r e su l t ed f r o m contact with b u i l d i n g s that had r e c e n t l y buentreated wi th wood preservat ive. The a f f e c t e d animal s were reported to look s i c k l y ,have skin l e s i on s and poor weight gain ( T h o m a s et a/., 1977). N e c r o p s y rf theseanimal s showed no s i g n s that could be s p e c i f i c a l l y a t t r i b u t e d to the e f fec t s o f PCP.Greichus et a/. (1979) p e r f o r m e d clinical s tudies on young p ig s fn an attempt to f i n dc l in i ca l signs which could be correlated to overt s igns of PCP po i s on ing . In t h i s s t udy,6 week old p i g s were administered doses of 5 ,10 and 15 m g / k g / d a y of p u r i f i e d PCPfor 30 days. The animal s were weighed and bied b e f o r e the start of t r e sa tment andthen weighed weekly and bled at the m i d d l e and end of the s tudy. At necropsy, liverskidneys brains and muscle s were removed for light microscopy examination.
The result s indicated no s i gn i f i can t d i f f e r e n c e s between the PCP-treated groupsand the c o n t r o l s in to ta l we igh t g a i n s , kg of f e e d consumed per kg weight gain orweight if kidneys in g / k g body weight. The 10 and 15 Mg/kg treated groups hads i g n i f i c a n t l y l arg er l iver s on a g / k g we igh t basis than the control s . This resultc o rr e la t ed wi th the r e p o r t s o f K i m b r o u g h and U n d e r ( 1 9 7 5 ) who ob s ervedenlargement of l iver s in rats fed 1,000 ppm of pure PCP for 3 months , with enlargedh e p a t o c y t e s and i n c l u s i o n s In the c y t o p l a s m of many cells .
Leve l s of PCP In the b l o o d , mus c l e s , k idneys and livers did not a p p e a r to•Increase with increasing doses. PCP level s increase only s l i g h t l y in the plasmabetween the 15 day and the final 30 day b l e e d i n g .
Blood chemis try values for the 15 day and 30 day b l e e d i n g s showed ons i g n i f i c a n t d i f f e r e n c e s between the contro l s and treatment group s or between PCP-treated groups for packed cell volume, h e m o g l o b i n , serum pro t e in , serum glu tamicoxalace t i c t ransaminanse , and lac t i c dehydrogenase . The white b lood call countswere lower in the 15 m g / k g group than the controls at the 15 day b l e ed ing and towerfor the 10 and 15 m g / k g groups than controls at the final b l e ed ing .
At the 15 day b l e e d i n g , the b lood urea n l i t r og en values of the 10 and 15 m g / k ggroups ware s i g n i f i c a n t l y h igher' than the controls. The 15 m g / k g group continued toshow this trend at the final b l e e d i n g .
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The o n l y h i s t o p a t h o l o g i c a l f i n d i n g observed in the PCP treated p ig s was a• n o n s p e c i f i c d i f f u s e c l o u d y s w e l l i n g o f h e p a t o c y t e s , characterized b y e n l a r g e d c e l l swhic has a finely vacuolated c y t o p l a s m . S i n u s o i d s in some cases were decreased ins J z e , pre sumably due to encroachment by enlarged h&patocyte s .
C r e o s o t e

M a l i n s et al (1985) s tudied the rate of occurrence of hepatic neop la sms andother hepa t i c lesions in E n g l i s h sole (Parophrys v e tu lu s) exposed to ctoosote-c o n t a m i n a t e d bo t t om s ed iment . H i g h prevalance s o f i d i o p a t h i c h e p a t i c l e s i on s ,i n c l u d i n g n e o p l a s m s (e.g. h e p a t o c e l l u l a r carcinomas, c h o l a n g i o c e l l u l a r carcinomas)(27%, 20 of 75 fish) and f o c i of c e l l u l a r a l t e ra t i on ( p u t a t i v e 'preneoplastic' l e s i on s)(44%, 33 of 75), were f o u n d in Engl i sh sole exposed to creo so t e-contaminatedsediments in Eagl e Harbor, Puget S o u n d , WA. S e d i m e n t s f r om the contaminatedregion o f t h e harbor c o n t a i n e d p a r t i c u l a r l y h i g h c o n c e n t r a t i o n s o f aromatichydrocarbons (e.g., benzo [a] p y r e n e and benz [a] anthrac ene), and a varie ty ofn i t r o g e n - c o n t a i n i n g aromatic c ompounds (e.g., carbazole and acridine). Thecompos i t ion of the aromatic compounds was charactenstic of creosote. Dramattcal lylower c o n c e n t r a t i o n s of aromat i c c o m p o u n d s were f o u n d in s e d i m e n t s f r o m are f er ence s i t - in which the b o t t o m - d w e l l i n g f i s h examined were f r e e o f d e t e c t a b l en s o p l a s t i : o p 'prereoplas t i c ' hepatic lesions. Food organisms in the stomachs of theE n g l i s h $ : ! ' ? > f r om Eagle H a r b o r contained sub s tant ia l ly higher concentrations o faromatic hydrocarbons than c o m p a r a b l e organisms f r o m the re ference site. Theconcentrations of i n d i v i d u a l aromatic hydrocarbons in muscle and l iver f r o m the Eag l ea H a r b o r f i s h h were low; however, high concentrat ions of m e t a b o l i t e s of aromatichydrocarbons were present in the bile. T h e s e f i n d i n g s s trongly suggest an associationbetween exposure to creosote and the prevalence of hepatic lesions.
5 . E X P O S U R E A S S E S S M E N T
5.A Expo sur e Route

The o n l y route of human e x p o s u r e f r o m the Site i s via c o n s u m p t i o n ofgroundwater. Ther e is no danger of f i r e or explos ion. Air p o l l u t i o n due to theemissions f r o m the S i t e do not exist. Some minimal air p o l l u t i o n may occur on Siteduring remedial action.
5.B O c c u p a t i o n a l E x p o s u r e

T a b l e 5a summarizes measurements made in the urine of exposed workers Invarious i n d u s t r i e s and oc cupat ions . G e n e r a l l y , no i n d i c a t i o n is given of when thesample s were taken, but l e v e l s would be e xpe c t ed to be highest towards the end of aworking week. P e n t a c h i o r o p h e n o f l eve l s seen tn urine a f t e r u n s p e c i f i e dnonoccupational exposures are reported to vary considerably (< 0.01 * 1.8 rng/l}, but,in general, are < 0.05 m g / l (Detrick, 1977). tt should be noted that both analyt i ca lme thods and t i m i n g o f s a m p l e co l l e c t i on may di f f er in the l i s t e d s tud i e s ; for e x a m p l e ,the hydro ly s i s phase of the analyt ical procedure is decisive for comparability of results(Edgerton and Moseman. 1979).
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P r o d u c t i o n P l a n t s
I n p e n t a c h i o r o p h e n o l m a n u f a c t u r e , mean urinary concentrat ions rang ing f r o m0.11 to 2.38 m g / l have been reported (Table 5a). The average b l o o d 'p b n t a c h l o r o p h e n o l level of workers in a pentach ioropheno l plant was 4.73 j i g / m l , ascompared to 2.23 fig/ml in a s od ium c h l o r o p h e n a t e p l a n t ; short-term l eve l s of airbornep e n t a c h i o r o p h e n o l exceeded 500 n g / m 3 d u r i n g some work-phases (Bauchinger eta!.,1982). In another pentachloropheno! p l a n t , the highest airborne concentration was 50l i g / m S (Zober eta!., 1981). in a plant manufac turing pentachiorophenol and its sodiums a l t , average airborne concentrat ions in the range of 0.5 to 16.5 m g / m 3 were f o u n d ,with short-term exposure s up to UO mg/m3 (Baxter, 1984).
Rappe and N y g r e n (1984) measured PCDD and PCDF levels in blood plasma ofa group o f workers m a n u f a c t u r i n g a c h l o r o p h e n o l f o r m u l a t i o n . N e i t h e r P C D D s noro d a - C D F s were f o u n d ; l e v e l s of h e p t a - C D F s are shown in T a b l e 5b. The h igh e s tlevels were found for those workers with the longest exposure.

Wood P r e s e r v a t i o n and Other I n d u s t r i a l Uses
Urir - ' . y ' v e l s o f p e h l a c h l c r o p h e n o l i n wood treatment workers have beens tud i ed in uia USA, Canada, S w e d e n and F i n l a n d . In pressure and non-pressuretreatment p l a n t s , the mean p e n ' . a c h l o r o p h e n o l l ev e l s In urine ranged f r o m 0.08 to 1.6m g / l and f r o m 0,02 to 2.8 m g / l , r e s p e c t i v e l y . In s a w m i l l s , the c o r r e s p o n d i n gconcentrat ions varied f r om 0.20 to 3.2 mg/ l among exposed workers. Value sexceeding 1 m g / l have been . s por t ed dur ing d i p p i n g and spraying and dur ing l o a d i n gof n ewly t r ea t ed t i m b e r ( K a u p p i n e n and L i n d r o o s , 1985). Embree e t ai ( 1 9 6 4 )demonstrated a gradient of exposure f r o m 0.230 mg/ l in un'ne and 0.919 ug/1 In serumin those d i r e c t ly h a n d l i n g wood, to 0.139 mg/ l in urine and 0.354 i ig / l in serum forthose working in a sawmi l l but not in manual contact.
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T v b l t 5a. Concentrations of PCP in the Urine of Exposed Workers by Indus try and Activity.
Concdntf atbn In Unto (m#!}

Industry and Act iv i ty Substance*(Country) Measured* Maa*(Bangs) No. of camples(of Wortars) Reference
f t o d u c f t n ofpffnlachhfophenol (PGP) or Its *odum sati (PCP-tte)
PCP p / odud t on plant (FfV.)PCP and PCP-Ks production plant(Brazl)PCP production plant (FRG)P C f ' - N a production plant { F f c C t

f t s iwre toatmttntefwood
Pressure treatment plant<HawaR.USA)FVwturt treatment p tant ( U S A )Ptetsur* treatment plant (USA)Pmsura treatment p lan t(Hawaii. USA)
Pretsure treatment plant (Canada)iawmflPwsjure treatment plant (Canada)
Hon-prtUuri (TMfriwnfo/ wxtf
Wood tvalmont plant {Hawaf l . USA)
Wood hdurty (USA)earpenbyboalbuttnoapmyingSpnylng of timbef (USA)Dipping of Umber (USA)Wood treatment plant (HawaB, USA)vat d p p l r t g , tpraylng. brushingWood treatment plant (Hawaii, USA)val d i p p i n gmanufacture (Finland)SawmUs (Sweden) CPaloadng of newly treated Um&eflanding of Imported timber freated

P e c 4 o o n t n l ( H « w a J l . U S A jPesl control and farming (Hawafl. USA)A p p f i c a t i o n o f herbiddes (USA)Texf i* Industry (Sweden)faipregnation of fabricstawtng of tmpregnated f?.bria

PCP
PCPPCPPCP

PCPPCPPCP
PCP
PCP
PCPPCP

PCP
PCP

PCPPCPPCP
PCP
PCP

PCPPCPPC?CPa

0.11b(p.OM.22}a

1.20(0.35-3,40}'2.38 (NS)*0.64 (NS)8

1.6 (NS)*
0.14(0.04-0.76)'
1.24(0.17*5.57)*

0.2) '<0.01«2.40)*O . O d c ( N S )O . l l C ( N S )
O . O e c ( N S )0.35 (< 0.01-5.2)'

2.6 (NS)*

0.02* (NS)0.06 (NS)NS (0.13-0.27)*
0.93(0.13-2.58)*
£.83 (0.12*9.68)'
1.31 (0.094.3)*

0.95 (<0.0l*7.83)*
• 0.3 (<3.3*1)

3^(0.12-10.3)"0.20(0.03-0.50)'

U (0.003-35.7)*o.oi (<o.oi-o.4or001 (NS)
0.30(0.01-0.80)*0.20 (0.01-0.35)*

08)
0

(8)04)

90(11}30(5)NS
(23)
8e11

136(11)

0)0)(2)NSN3(18)
(18)
1376

1222

210(130)210NS
1520

T r i e b f e 9id. (1881)
Siqueim 4 Fevnlcola (1931)Saochlnger 01 a/. (1882)t oKttngar 44 (1082)

CftaafBtt ttsL (1969)
WylEe < f a / . { 1 9 7 5 )Aru?iat4t()976)
WenriWf ef */. 0&00)
Embiw */*/. (1984)
E£mbre9 e^ */. (1934)M a * e i 0 / a / . 0 9 7 7 )

Casamtl 0*4(1969)
C r a t v n e r * F f » a i ( 1 9 7 0 )

A r s e n a u f t ( l 9 7 6 >An»nauh(1976)Begleye ta/ (1977)
Memmer et aC (1 980)
Pekari A AHIo (1932)Raw* #ai (1982)

Bevdnue d f a i (1967)KJemnw0r4(1980)Draper { 1 f l f l 2 )R a p p e « f 4 ( l 9 6 2 )

PCP, pentachlorophonol; PCP-Na. pentachtorophanale iodum; GP«, ch to f ophandt; T*CP. 24. ; MS, not
f c Uodan* 7b« WorfdnQ Group noted ttu.1. u no acid hydrc fy s l t of ocnjugatai WM lndud«d In th«ta anafy ta t , fMuKs pre f eaUy U f l d * f e t £ r . t i etotal ditorophanol tovel*



T a b U 5b . Occupational Exposure l i m i t s f or P e n t a c h i o r o p h e n o l 1
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f t From Internat ional Labour O f f i c e (1980); Directorate, f or A r b e i d s t i U y n e l (1081). T y d s u o j A f u h a l t i t u i ( 1 6 6 1 ) ;A/be larsky yds sty re is en ft F d r g a t t n i n Q s s a m i i n g (1884); Deutsche Forsehungsgemainschal t (1685). American Conference ofGovernmental Indus tr ia l H y g i e n i s t s (ACGIH) ( 1 9 8 5 ) . Haal fo and Safe ty Executive 0 & 6 5 ) ; US Occupational Safe ty and Heal thAdmini s tra t ion ( O S H A ) ( 1 9 & 5 )b TWA, time-wsight&d average; STEL, short-larm exposure Emit
The risks to e m p l o y e e s d u r i n g c l e a n u p at the Site s hou ld be n e g l i g i b l e .

5.6 P o p u l a t i o n Macro and M i c r o E n v i r o n m e n t s
The macro-environment is d e f i n e d by CAI to i n c l u d e all groundwator w i th in a 3mite radius. The on ly major vehic l e of d i s t r i b u t i o n of PCP and crosote wi th humanexpo sure p o t e n t i a l is the Omaha City we l l . T h e m has never been any ind i ca t i on ofc on tamina t i on of the Omaha City we l l by PCP or creosote. In a d d i t i o n , several w e l l sare located between the Site &: -« the Omaha Cit well . M o n i t o r i n g of these w e l l s wouldprov id e an ear ly warning sysi sm since any m i g r a t i n g PCP or creosote would bede t e c t ed in these w e l l s prior to p o l l u t i n g the Omaha City wel l .
P e n t a c h l o r o p h e n o i has been used as a p e s t i c i d e a g r i n s t ? .any organisms. PCPhas been used as a pre and po s t p l a n t herbic ide in several craps, but Its mostextensive use as a herbicide has been in rice p a d d y f i e l d s . PCP has also been usede x t en s iv e ly as a wood preservative against wood ro t t ing and s taining organisms, andfor the control of powder post b e e t l e s , wood-boring I n s e c t s , and termites . Other useshave been as a biocide in c e l l u l o s e p r o d u c t s , starches, a d h & s l v e s , pro t e in s , l e a t h e r ,o i l s , p a i n t s , rubber, rug shampoo s , t e x t i l e s , f o o d proce s s ing p l a n t s , and tho control ofbacteria, f u n g i , insec t s , mo Husks, and other nuisance biota.
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PCP concentra t ions of 100 - 50,000 ppm are required to obtain p e s t i c l d a l activity.T h e r e are no off-Site da ta r e p o r t i n g PCP at l ev e l s which would be toxic to e i th er f a u n aor p l a n t l i fe . No adverse ef fect on the environment i s a n t i c i p a t e d to be due to PCP,t ran spor t ed via groundwater. The l i m i t o f PCP s o l u b i l i t y Is 14 p p m , a non-toxic l eve l .
T h e r e have been micro-environmental I m p a c t s due to p o l l u t a n t release f r o m theS i t e . M o d e r a t e to h i g h PCP conc en tra t i on s have been d e t e c t e d in Cricket Spring.T h r e e w e l l s near the Site have produc ed water containing low l e v e l s of PCP andoccasionally de tec table levels of PNA's. No well In current use contains levels of PCPor PNA's that represent a risk to human health.

5 . C L i f e s t y l e a n d O c c u p a t i o n a l H i s t o r y
The li festyles and occupat ional h i s tor i e s of the re s ident s in the near vic ini ty of theSite do not repre sent p o p u l a t i o n s at spec ial risk. Many per sons in the Omaha vic ini tyworked at the Site over its 22 year h i s t ory of operation.

S.D B a c k g r o u n d C h e m i c a l E x p o s u r e s *»
Background exposures of the p o t e n t i a l l y exposed p o p u l a t i o n offer no unusualcircumstances with the e x c ep t i on of persons who once worked at tha Site.

5 .E D e m o g r a p h i c P r o f i l e s o f P o p u l a t i o n s a! Risk I n c l u d i n g P o p u l a t i o n s a tS p e c i a l R i s k
T h e r e is no d i s c e rn i b l e d e m o g r a p h i c profile of any p o p u l a t i o n at risk or at spec ialrisk due to f u t u r e e xpo sure s . Persons p r e v i o u s l y consuming water f r o m w e l l scontaminated with PCP or creosote are the only off-Site p o p u l a t i o n known to ever beat any risk.

6 . R I S K A S S E S S M E N T A N D I M P A C T E V A L U A T I O N
6.A C a r c i n o g e n i c Risk Ass e s smen t

Cancer risk, Just as any disease Induced by chemicals Is responsive to exposure.The greater the exposure the greater the risk. The only persons exposed to any of thecompounds making up PCP and creosote residues escaping f r o m the Site were thosapersons d r i n k i n g wel l water. It Is I m p o r t a n t to understand that the cancer riskassociated with commercial PCP and crosote does not relate to the residues of PCPand creosote component s f o u n d In vicinity wall water. The reasons for this are the*, thecarcinogenic risk associated with commercial PCP Is due to Its d i b e n z o d l o x l n andd i b e n z o f u r a n contaminant s . Creoso te Is a c o m p l e x mixture of at l eas t 200compounds. A small minori ty of the 200 have been f o u n d io p i o d u c e cancer Ine x p e r i m e n t a l animals at h igh doses or by using processes which promote cancer.N o n e of the known carcinogenic c omponent s of creosote have btan f o u n d In wellwater In the v i c ini ty of the S i t e .
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To obtain a r eg i s t ra t i on for a p e s t i c i d e under the F e d e r a l I n s e c t i c i d e , F u n g i c i d e ,and R o d e n t i c i d e Act ("FIFRA"), as a m e n d e d , an a p p l i c a n t for r eg i s t ra t ion must showthai t h e p e s t i c i d e s a t i s f i e s t h e s t a t u t o r y s tandard f o r r eg i s t ra t ion. That s t a n d a r drequires, among other t h i n g s , that t h e p e s t i c i d e p e r f o r m It s i n t e n d e d f u n c t i o n without.causing "unreasonable adverse e f f e c t s on the environment.*
The term "unreasonable adverse e f f e c t s en the environment* Is d e f i n e d by EPAas "any unrea sonab l e risk to man or the environment , t a k i n g Into account theeconomic, social and environmental costs and b e n e f i t s of the use of any pe s t i c ide*. Toregister a p e s t i c i d e , EPA must find that the b e n e f i t s of each use of the p e s t i c i d e exceedthe risks cf use, when the p e s t i c i d e Is used In accordance with commonly recognizedpractice and in compl iance with the terms and condi t ions of registration.
The burden of proving that a p e s t i c i d e s a t i s f i e s the reg i s tra t ion standard is on thep r o p o n e n t s of r e g i s t r a t i o n and cont inues as l ong as the regi s trat ion remains in effect.U n d e r section 6 of FIFRA, the EPA may cancel the r eg i s t ra t i on of a p e s t i c i d e or modifythe terms and condi t i on s o f r eg i s t ra t i on whenever It Is de t ermined that the p e s t i c i d ecauses unreasonable adverse e f f e c t s on the environment. The EPA created the RPARprocess to faci l i tate the Identif ication of p e s t i c i d e uses which may not s a t i s f y thes ta tutory standard for r eg i s t ra t i on and to provide an Informal procedure to gather andevaluate Information about the risks and b e n e f i t s of these uses.
The r egu la t i on s governing the RPAR process are se t forth In 40 CFR 162.11.Among o ther t h i n g s , t h i s section prov ide s that a r e b u t t a b l e p r e s u m p t i o n aga in s tr eg i s t ra t i on s h a l l arise If a p e s t i c i d e meets or exceeds any of the risk criteria set out Inthe r e g u l a t i o n s . The EPA announces the commencement of the RPAR process byp u b l i s h i n g a notice In the Federal Register. After an RPAR is I s s u e d , r eg i s t rant s endother I n t e r e s t e d per sons are Invited to review the da ta upon which the p r e s u m p t i o n isbased and to submit data and I n f o r m a t i o n to rebut the pre sumpt ion by showing that theERA'S Initial d e t e r m i n a t i o n of risk was in error, or by showing that use of the p e s t i c i d eIs not likely to result In any s i g n i f i c a n t exposure to humans or the environment withregard to th$ adverse effects in question. In a d d i t i o n to s u b m i t t i n g evidence to rebutthe risk p r e s u m p t i o n , r e spondent s may submit evidence as to whether the economic,social and environmental b e n e f i t s of the use of the p e s t i c i d e ou twe lgh t the risks of use.

In d e t e r m i n i n g whether the use of a p e s t i c i d e poses risks which are greater thanthe b e n e f i t s , the EPA considers p o s s i b l e changes to the terms and c o n d i t i o n s ofr e g i s t r a t i o n which can reduce risks, and the I m p a c t s of such m o d i f i c a t i o n s on theb e n e f i t s of use. If the EPA de t ermine s that such changes sufficiently reduce risks tothe level where the b e n e f i t s outweigh the risks, it may conclude the RPAR process.The EPA announces th i s t y p e of conclusion to an RPAR review by pub l i ca t i on of aN o t i c e of Determination In the Federal Register. That N o t i c e s tates and e x p l a i n s therationale for the Agency's regulatory p o s i t i o n , provides that tha registrant may avoidcance l la t ion by i m p l e m e n t i n g the m o d i f i c a t i o n s to the terms and condit ions ofregistration set forth In the Notice, and sets f o r t h the hearing r igh t s of the a f f e c t e dparties.
U p d a t e d Risk a n d B e n e f i t I n f o r m a t i o n



After th e p u b l i c a t i o n o f th e PD 2/3, th e EPA received a d d i t i o n a l I n f o r m a t i o n f r o mt h e U n i t e d S t a t e s D e p a r t m e n t o f A g r i c u l t u r e ( U S D A ) , t h e wood pre s erv ing I n d u s t r y ,and p u b l i s h e d art ic l e s on risk and exposure to the wood preservatives.
As a result of the a d d i t i o n a l Information received and evaluated by the EPA, the*exposure and risk e s t imate s for certain uses of the wood preservative chemicals werere ca l cu la t ed . In some I n s t a n c e s the change in risk e s t imat e s caused the EPA tom o d i f y the r e g u l a t o r y p r o p o s a l s s e t f o r t h In the PD 2/3.

Risk I n f o r m a t i o n - P e n t a c h l o r o p h e n o i
M u l t i - s t a g e M o d e l f o r E s t i m a t i n g Oncogenic Risks

The p e n t a c h f o r o p h e n o l risk e s t imat e s f or on cog en i c i ty pre s ented In PD 4 varieds l i g h t l y f r o m the e s t imat e s derived in the PD 2/3, p a r t l y because the EPA r e f i n e d i t soncogenic risk asses sment method to use the " m u l t i - s t a g e model" rather than the"one-hit" mode l . For s i m i l a r exposure e s t imat e s , th e e s t imated oncogenic risks f orp e n t a c h l o r o p h e n o l derived by th i s revised m e t h o d o l o g y fa i t e s s e n t i a l l y In th e samerange as the PD 2/3 e s t imates .
The EPA described the ra t ionale for u s ing the m u l t i - s t a g e mode l instead o f theone-hit model in the "Water Q u a l i t y C r i t e r i a Document" p u b l i s h e d in the FederalRegister, N o v e m b e r 28, 1980 (45 FR 79318). The m u l t i - s t a g e model Is morea p p r o p r i a t e based on m a t h e m a t i c a l , t h e o r e t i c a l , and b i o l o g i c a l g r o u n d s , assummarized in the Appendix of that document. The "one-hit" model can be consideredthe f irs t s tage of the mu l t i - s t ag e model . The m u l t i - s t a g e model reduces to the one-hitmodel when there is o n l y a control g r o u p and one active dose level . Most oncogenics t u d i e s Include two or three active doses and thus the do s e - r e spon s e r e l a t i o n s h i p Isf r e q u e n t l y more c o m p l e x than sugge s t ed by the "one-hit" model .
To e s t imate th e p o t e n t i a l risk (R) t o humans f r o m expo sure t o th e HxCDDcontaminant in p e n t a c h l o r o p h e n o l , the EPA used the f o l l o w i n g equation:

R-6.2 x exposure
where the exposure Is expre s s ed In u g / k g / d a y averaged over a l i f e t i m e . The A g e n c yassumes that the average w o r k l i f e is 30 years.

T h e human e x p o s u r e e s t i m a t e s f o r t h e various u s e s i t u a t i o n s f o rp e n t a c h l o r o p h e n o l with Its HxCDD contaminant are summarized In Appendix C of PD4; the human risk es t imates are summarized In A p p e n d i x B.
For similar exposure e s t imate s , the po t en t ia l e s t imates for HxCDD would be ofthe same order of m a g n i t u d e as those presented In the PD 2/3. A l t h o u g h the tumorincidences for f e m a l e rats are lower than o r i g i n a l l y reported. It only takes a very smallamount of HxCDD (5 u g / k g / w e e k or l e s s) to produce a pos i t ive tumorigenic effect, andthus the s l o p e or 01*. as en ind i ca t or of po tency would not be expec ted to decreasea p p r e c i a b l y .
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W h e n c ompar ing the risk e s t imate s ca l cu la t ed in the PD 2/3 with those calculatedfor the PD 4, it can be seen that for some uses the risk has increased by an order ofm a g n i t u d e or more. This is due m a i n l y to the changes made in the expo sureas sumptions d i s cu s s ed In section It B of PD 4. C u r r e n t l y , the EPA has set 1 ppm as alevel e q u a l i n g a l i f e t i m e cancer risk of one in one m i l l i o n .
The best estimate of f u t u r e carcinogenic risk to residents of the vicinity is zero.The o p p o r t u n i t y for e x p o s u r e s can be main ta ined near zero via wel l moni t or ing .Est imate s of past risk due to the c o n s u m p t i o n of well water are v a n i s h i n g l y smal lbecause, a l t h o u g h not d o c u m e n t e d , expo sure s would have been minimal due to thes par ing s o l u b i l i t y o f POP and PNA's in water and the u n p l e a s a n t tastes and odorassociated with even moderate l e v e l s of p o l l u t i o n by PCP or PNA's.
W h e n the EPA proc edure s for e s t i m a t i n g carcinogenic risk o u t l i n e d in PD-4 forWood T r e a t m e n t P e s t i c i d e s are a p p l i e d to p er sons who have consumed well water at0.01 p p m , a maximum risk of:
(15 years + 70 years) X (0.01 mg/L +1 mg/L) 2

1,000,000 b i l l i o n
is c a l cu la t ed . A one in one m i l l i o n is the risk EPA sets as a level of concern fordr ink ing water. The risk for d r i n k i n g 2 quarts of Cricket Spring water each day for 70years is somewhere between 0 and 4 per m i l l i o n . Since no one drinks the water, therisk is zero. The risk for creosote has not been calculated but It is far less than that forPCP.
C r e o s o t e

N o n e w I n f o r m a t i o n w a s received which changed t h e E P A ' s po s i t i on r egard ingthe r e bu t tab ld p r e s u m p t i o n s for creosote. As summarized in the PD 2/3 (pp 36-46 andp 85), creosote and many of its component chemicals have been shown to causecancer in laboratory animal s; there have also been many case repor t s l i n k i n g humancancer to exposure to creosote. T h e s e f i n d i n g s have been upda t ed and s u p p o r t e d bya recent review of p o l y n u c l e a r aromatic hydrocarbons. However, as stated in the PD2/3 (p 65), the EPA still had no d e f i n i t i v e data on the i d e n t i t y of the airborne componentchemical s of creosote to which workers are expo s ed in wood treatment p l a n t s wherecreosote Is used. Moreover, there were no quant i ta t iv e data on dermal exposure tothese workers. This lack of i n f o r m a t i o n p r e c l u d e d a quanti tat ive assessment of risk ofcarc inogenic i ty In humans.
The EPA Is aware that some researchers are s t u d y i n g the f e a s i b i l i t y ofI n t e r p o l a t i n g re su l t s f r o m skin p a i n t i n g s tud i e s which are v a l i d a t e d against humancarcinogens. However, creosote has not been tested or validated through this system.
Because the EPA continues to be concerned about the p o t e n t i a l for cancer riskf r o m exposure to creosote, the EPA, in a s eparate action apart f r o m the requirementsdescribed in th i s PD 4, request r eg i s t rant s to submit a cross-sectional re tro spec t ivee p i d e m i o l o g y s t u d y of creosote treatment p l a n t workers to provide data with which to



q u a n t i t a t i v e l y e s t i m a t e the oncogenic risk to humans. S t u d y parameters such assample size, i d e n t i f i c a t i o n of appropr ia t e treatment p lan t s , i d e n t i f i c a t i o n of comparisonor control p o p u l a t i o n s and o th er s t u d y parameters were reviewed and accepted by theA g e n c y pr ior to actual conduct o f the s tudy. Indus tr ial hyg i ene air moni t or ing forexposure In creosoto trea tment p l a n t s will also be necessary and must I n c l u d e area*and br ea th ing zone data. The ERA be l i eved the re tro spec t ive e p i d e m i o l o g y s tudy andcreosote treatment p l a n t m o n i t o r i n g survey would enabte the Agency io q u a n t i t a t i v e l yassess the p o t e n t i a l human oncogenic risk f r o m creosote exposure.
6.B P r o b a b i l i t y o f N o n - c a r c i n o g e n i c H u m a n H e a l t h E f f e c t s

The p o s s i b i l i t y o f adverse human hea l t h e f f e c t s d e v e l o p i n g Is l i m i t e d t o the extentof actual exposure. The only route of human exposure to POP and creosote residuesIs via the groundwater. The f o l l o w i n g s t u d i e s s u p p o r t the p r e s u m p t i o n that there i s norisk of non-carcinogenic h e a l t h e f fec t s due to the Site .
In 1976, T a k a h a s h i e t a!., s t u d i e d th e e f f e c t s o f o c cupa t i ona l exposure In th ep e s t i c i d e s i n d u s t r y and gamma m o b i l i t y C-reactive prote in (CRP). Injury In a variety off o rms Is o f t e n accompanied by acute changes in p l a s m a CRP, which is o f t e n elevatedin acute s tage s of various i n f l a m m a t o r y d i s order s or tissue changes caused by toxicchemicals. The presence of CRP in the sera of workers exposed to pentachlorophenolwas a p p r o x i m a t e l y three (3) times h igh er than In controls and h igher than In workersexpo s ed to o r g a n o c h l o r i n e i n s e c t i c i d e s , f u n g i c i d e s , herbic ide s or o r g a n o p h o s p h a t epesticides. In add i t i on , total b i l irubin and CPK levels of the p en tach loropheno l groupwere h i g h e r than the controls or the other groups.
In 1977, B e g l e y etal., s tudied the association between renal f u n c t i o n tests andp e n t a c h l o r o p h e n o l exposure b e f o r e and after a 20 day vacation. Glomeru iar f u n c t i o nas assessed by creat inine clearance was impaired in the s tudy group at the t ime thevacation occurred, but then I m p r o v e d to e s s e n t i a l l y normal f u n c t i o n dur ing the 20 dayperiod of nonexposure . T h e r e was a trend toward renewed-impairment f o l l o w i n grenewed work exposure. S i m i l a r l y , tubular reabsorption of phosphorus wasdepre s s ed In some i n d i v i d u a l s prior to vacation. Pho sphoru s clearance d e p r e s s i o nwas accompanied in some i n d i v i d u a l s by a decrease in serum p h o s p h o r u s levels.Recovery proceeded during vacation and deteriorated a f t e r reexposum.

i In 1980, K l e m m e r etal,, reported on cl inical f i n d i n g s in workers exposed topan ta ch l oropheno l . PCP exposure was highly' associated with increased numbers ofbands, Increased l e v e l s o f blood p l a s m a cho l ine s t eras e and a l k a l i n e p h o s p h a t a s e ,gamma g l o b u l i n , ba s oph i i s , uric acid and reduced serum calcium. The prevalencerates for c o n j u n c t i v i t i s , chronic s inu s i t i s and chronic u p p e r respiratory condi t ions weres i g n i f i c a n t l y h igher among the P C P - o x p o s e d . Infections of the skin and subcutaneousand hypertension were also Increased.
T h e s e toxic e f f e c t s are important when evaluat ing the chronic low level e f f e c t s ofPCP exposure since; none of the studied Individual s died or were hospi tal ized; nonesuspec ted that t h e i r h ea l th was adversely a f f e c t e d by PCP; the observed adversee f f e c t s have been documented in animal s; and adverse e f f e c t s also required years to
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In pas t o c c u p a t i o n a l expo sure s t u d i e s conducted at wood tr ea tment p l a n t s ,s i g n i f i c a n t tasks of concern were t y p i c a l l y i d e n t i f i e d as the short interval s of exposuresoccurring when o p e n i n g pressure cyl inder s or emptying bags of POP to make up.t r e a t i n g s o l u t i o n s . N o n e o f t h e d a t a , t h o u g h r e l a t i v e l y recent, describe p o s s i b l ec on t r i bu t i on s f r o m skin contact. S o m e report s d i s cus s work prac t i c e s and skinp r o t e c t i o n and h i s t o r i c cases of skin p r o b l e m s , such as c h l o r a c n e orp h o t o s e n s i t i z a t i o n .
S o m e of the o l d e r o p e r a t i o n s such as A! u t i l i z e d PCP received in bags forprepar ing t r ea t ing s o lu t ions . By 1980, t h i s was done only to a l i m i t e d extent andprimarily at p lan t s with in fr equent or minimal use. PCP In bags was used at a fewp l a n t s to provide the a d d i t i o n a l p o u n d a g e for one and two thousand blocks for makingup a s p e c i f i c s t r e n g t h t r e a t i n g s o l u t i o n based on the volume of oil or solvent. F l a k e dm a t e r i a l , now c o m m o n l y a v a i l a b l e d e l i v e r e d in b u l k t r u c k - l o t s at commercialopera t ions , is conveyed in e s s e n t i a l l y closed systems with a p p r o p r i a t e dust c o l l e c t i o n ,to mix tanks for b u l k s o l u t i o n b l e n d i n g .
Several cases of human I n t o x i c a t i o n due to PCP and its s od ium salt are knownf rom the l i terature. I n d u s t r i a l in tox i ca t ions have been described by Baader et a/.,Truhaut et a/., Menon, Shirakawa et a/., V i n i e g r a etaL, and Bergner et al. The generalc f i n i c a l s y m p t o m s are: loss o f a p p e t i t e and body weight , f e v e r up to 43 'C, excessiver e s p i r a t i o n , h eadach e , c o n g e s t i o n of ocular and nasal mucosae, Irritation ofre sp ira tory organs, thorax c on s t r i c t i on and weakness. After dermal contact, local skinIrritation and acne are f o u n d . Cases of n eura lg ia have been described by C a m p b e l land Barnes. Roberts describes one case of fata! a p l a s t i c anemia f o l l o w i n g continueddermal exposure for about 1 year. At least 24 fatalities In indu s t ry have been reported.At au t op sy , the f o l l o w i n g changes are f o u n d : oedematous brain, heart d i l a t a t i o n ,tubu lar d e g e n e r a t i o n of the k idney s , o edematou s lung s with conge s t ion and intra-alveolar hemorrhages , and a s l ightly congested l iver with c e n t r i l o b u i a r degenera t ion.
Robson describes the misuse of PCP in a laundry produc t . 20 of about 80newborn Infants d e v e l o p e d s igns of in t ox i ca t i on with 7 deaths.

6.C N o n - H u m a n S p e c i e s Risk A s s e s s m e n t<
Cer ta in areas on the Site have represented a risk to non-human spec ie s In thepast. Recent m o d i f i c a t i o n s by the owner have gr ea t ly reduced thi s risk. PCP andcreosote waste have been d i s p o s e d of In op en-expo s ed areas r e f e r r e d to as theT r o l l e y - T r e a t m e n t Area, the Ash Pile and the Railroad Ditch Pit. T h e s e areascontained h igh l e v e l s of PCP and creosote wastes. T h e s e l e v e l s could have beentoxic to wildlife if contact had been made. T h e s e areas have been p a r t i a l l y secured bythe add i t i on of a fill dirt covering.
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A r k w o o d , l n c .
**«od. Inc fs , *""• **•««s^s:^H^^:^'a--,, r e M

T h e b u s i n e s s c o n s i s t ,
P e n t a c h l o r o p h e n o l L H

, " ° P e r i t e d S 1 ' «p e n o l H ' " " ' " w o r k 5hoD ,

6- eh" b t h " 0 * ** •«««•-

to . „- / uum, _ . . . * / a u ana a waste p i l e o f sawcv - i •*
A r k w o o d , I n c . n o t i f i e d under RCRA as a g e n e r a t o r o f hazardou s w a s t e , bu thas never been i s s u ed and does not now h o l d any t y p e of p e r m i t .

T h e r e ar e a p p r o x i m a t e l y 660 p e r s o n s l i v i n g w i t h i n & 3 m i l e r a d i u s o f t h es i t e whose water s u p p l y i s g r o u n d w a t e r . PCP has been d e t e c t e d in l o c a lwater w e l l s , n a t u r a l s p r i n g s in the area and in nearby W a l n u t Creek byS t a t e s a a p l i n g . A new water w e l l for a r e s i d e n t 400 f e e t west o f the s i t eh a s J u s t been c o m p l e t e d .

G e r r a g h a t y - M i l l e r ha s been r e t a i n e d by M a s s M e r c h a n d i s e r s f or a g e o h y d r o l o g i c a ls t u e t y . An A d m i n i s t r a t i v e Order i s in the f i n a l p h a s e o f p r e p a r a t i o n by thsS t a t e .
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r̂ r.̂ - A r k w o o d . I n c .

EPA Regie*

C H c k e t t , Boone C o u n t y , A r k . S o u t h o f Omaha
. V I

' e « e r f i h e i a o i i t y . B u d G r l s h a m
H a l l i e C . O r t t i a n d

M p«vi««,«r T i m P p r r i n P . E P A . D o l c e H u g h e se»r tht 3 / 2 6 / 8 5
(Fty t x i m p i a l a n t f * . s u r f a c e i. co«ta'ntnii 1o'* roul* o' . pii*. eonia>n«r; type t 0' huardous t u b t t & A c « s ; fcctiion o* thiconctm. typ«s o* iAformfti'OA nt*d»d fo*' ntif tp; agency actien. «tc.)
T h e s i t e i s l o c a t e d o n a 15-20 acre s i t e I n S e c t i o n 2 7 T 2 1 N R 2 1 H .
S.0_uth o f . Omaha in Boone _r-ountyt A r k a n s a s . The s i t e has a H i l l w o r k

, p _ c p . a n d c r e o s o t e t r e a t m e n t p ro c e s s area, s t o rage tanks and
a s t o r a g e y a r d . H a s t e s . , were d u r c p e d j n a cave l o c a t e d o n s i t e ,
P C P has_beei>__detec_t.e.d 1n__qroundwat er _ a n d s ^ u r f a c e _ w a t e r >
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G r o u n d W a t e r Route W o r k S h e e t
R * l . « B f » s « > ' A s s . 0 n e d V a l u e M u l l , M a t . R e ) .( C ' r c i e O n e ) p h e r S c o r e ( S e c t i o n )

LJ Obs erved R e l e a s e 0 f t s ) * 1 45 45 3.1
I f ob s erved r e l e a s e i s Q ' v e n a score o f 4 $ , proceed t o l in e [ f ]
If ob served r e l e a s e i s g i v e n * score o f 0 . proceed to l i n e [f]

ED R o u t e C h a r a c t e r i s t i c s 3.2
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tO W a s t e C h a r a c t e r i s t i c s 3.4

ToxtCily'Persistenee 0 3 6 6 12 15© 1 jg 1B
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G r o u n d W a t e r Use 0 1 ? 6/ 3 9 9
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R a t i n g F a c t o r

E Observed Release

S u r f a c e W a t e r Route Work Shee t
A s s i g n e d V a l u e M u t t "( C i r c l e O n e ) p i . e t
0 45 1

S c o r e

^
Max. R*l.S c o r e ( S e c t i o n )

45 4.1
If observed r e l e a s e i s g iv en a v a l u e o f 45, pro c e ed to t i n e P)
I f observed r e ' e a s e I s g ' v e n a va lue o i 0 . p r o c e e d t o i ine [ | ]

i £ J f c o u t e C h a r a c t e r i s t i c s 4.2
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Use

0 6 12 15 1821 24 27 30
0 1 2 3
0 1 2 3

01
2
1 O

T o t a l T a r o e l * S c o r e

30
6
3

5.3

Multiply ED » m * 35.100

Zl Divide Mne B by 35.100 ind m u t t i p t y by 100 - 0
F I G U R E 9A I R R O U T E W O R K S H E E T



G ' o u n d w a t e r f t o u l e S c o r e t£«w>

c e W a t e r Route S c o r e i S s w )

Air Route S c o r e t£» )

V / s ' » s '» f lw iw

59.18
0

3502.27
0

3502.27

F I G U R E 1 0W O R K S H E E T F O R C O M P U T I N G S M

59.18
34.21



' F » r e a i d E k p i e s ' o n vvo»k 5*eet
— — — — — — 9 — — — — — — — — — — ) — — — — — — — — — — — ~ __________ .....R a t . n g taew A«.g«ed v a ' u e M o d , -(Ode O**) C ' . e r *

LU Containment 1 3 i

L L I W a s t e C n a r a c i e n s n c s
Direct E v i d e n c e 0 3 1
l$mtab.My 0 1 2 3 1
R e a c t i v i t y 0 1 2 3 1
(ncompji-S'i' iy 0 1 2 3 1
H i n ' O i u ! W a s t e 0 1 2 3 4 5 6 7 0 1O u a n t ' t y

T o t a ' waste C r u r j c t e m t . e s S c o r e
U J T a r g e t *

D i s t a n c e 10 N e a t e s t 0 1 2 3 < 5 1Populate*
D s t a n c e t e N e a ' e s t 0 1 2 3 1

B u i l d i n g
D i s t a n c e i e f i e n s m v e 0 1 2 3 1E n v i r o n m e n t
L a n d U s e 0 1 2 3 1
P o p u l a t i o n W i t h i n 0 1 2 3 4 6 12-M.ie R a d i u sB ^ t e f m o i W t i h i f i 0 1 2 3 4 6 12-M.ia Raams

T o t a l T a r g e t s S c o r e

*^ Mutitpix 0 * ID > 01
IS Div ide l in e Q] by 1.440 and m u l t i p l y by 100 S FE -fl

F I G U R E 1 1F I R E A N D E X P L O S I O N W O R K S H E E T

*

M a x .S e o ' e
3

3333
B

20

6
3
3

2 -
S

24

1.440

•9

f i e f .< S e e t < a « )
7.1
7.2

7.3

•

M< /ii/i<
|̂^̂g f f l f l f m B I
^ral̂ ^S^H

p

I



* t

i
. 1Ratir s F a c t o r

LU Observed i n c i d e n t

Direct Contac t Work S h e e t
A s S ' Q n e d V a ' u e( C i r c l e O n e )
0 45

M u l t i -
p l i e r

1

S c o r e
0

M a i .S c o r e
45

R e l .( S e c t i o n )
S.1

I f l i n e ] T ] i s 4 5 . proceed t o l i n e Q
II l i n e [2 i s 0. pro c e ed ID l i n e 0

U J A c c e s s i b i l i t y
LU C o n t a i n m e n t
[ 7 ] W a s t e C h a r a c t e r i s t i c sT o n i c M y
E ) T a r p e t tP o p u i * t i O n W i t h i n kV M t l e f i s d i u iDisuse* to •C n i i c i i H i b ' U t

0 1 2 ( T )
0 (§)

0 1 2 (?)

0 1 Q) 3 4 &
£ 0 ) 1 2 3

1

1

5

3
15
15

3
15

15

4 B »
A 0 12

T o l * I T a r g e u S f i O f t
[3 H lint (Tj It 45. m u l t i p l y G3 s B * B

II tin* Q is 0. m u l t i p l y [3 * B K G) ' B
EJ Dwld< l ine [D by 21 ,600 t*d m u l t i p l y by 100

8
5400

32

21,600

6.2
6.3

64
6.5

SDC * 25.0
F I G U R E 1 2D I R E C T C O N T A C T W O R K S H E E T



J u n e 2 3 , 1982

D O C U M E N T A T I O N R E C O R D SF O RH A Z A R D R A N K I N G S Y S T E M

I N S T R U C T I O N S : T h e p u r p o s e o f t h e s e r e c o r d s i s t o p r o v i d e a c o n v e n i e n t
w a y t o p r e p a r e a n a u d i t a b l e r e cord o f t h e d a t a a n d d o c u m e n t a t i o n u s ed t oa p p l y t h e H a z a r d R a n k i n g S y s t e m t o a g i v e n f a c i l i t y . A s b r i e f l y a s po s-
• i b l e s u t a a n z A th e i n f o r m a t i o n you used t o a s s i g n th e score f o r each
f a c t o r ( e . g . . " W a s t e q u a n t i t y - 4,230 drums p l u s 8 0 0 c u b i c y a r d s o f• l u d g e s " ) . T h e s ourc e o f i n f o r m a t i o n s h o u l d f e e p r o v i d e d f o r each e n t r y
a n d s h o u l d b e a b i b l i o g r a p h i c - t y p e r e f e r e n c e t h a t , v i l l make t h e d o c u D e n tu s e d f o r a g i v e n d a t a p o i n t e a s i e r t o f i n d . I n c l u d e t h e l o c a t i o n o f t h ed o c u o e n t ar.d c o n s i d e r a p p e n d i n g a c o p y o f t h e r e l e v a n t p a g e ( s ) f o r ea s ein review.

F A C I L I T Y H A K E : A r k w o o d

' C A T I O K : S o u t h o f Omaha, A r k a n s a s

c



C R O U K D W A T E R R O U T E

1 O B S E R V E D R E L E A S E
C o f t t a t a i n a n t s d e t e c t e d ( 5 n a x i f f i i m ) :N a t u r a l s p r i n g t o t h e west o f p l a n t shows p e n t a c h l o r o p h e n o l ( P C P ) u p t o 1 0( R e f . 3 , 6 ) . Behren w e l l s # 2 a n d # 3 a l s o show P C P c o n t a m i n a t i o n ( R e f . 6 )

R a t i o n a l e f o r a t t r i b u t i n g t h e c o n t a s i n a n t s t o t h e f a c i l i t y :PCP w a s t e s i*e*4 d e p o s i t e d in o n - s i t e cave, were s p r e a d cm ground ford u s t - s u p r e s s i o n a n d were f o u n d i n h i g h c o n c e n t r a t i o n (30,000 p p m ) - i n d u m p areas a w d u s t ( r e f . 4 , 5 ) .
MRS v a l u e s 45

2 R O U T E C H A R A C T E R I S T I C S
. Q . _ A q u j f e r o f C o n c e r n

H a » R / d e s e r i p t i o n c£ a q u i f e r s ( s ) o f concern:.^. . . „ .M o s t h i g h e r e l e v a t i o n w e l l s i n t h i s area a J R T i n t h e Boone l i m e s t o n e s a l t h o u g h ,v a l l e y w e l l s m a y b e i n t h e u n d e r l y i n g o r d o v i c i a n d o l o m i t e . N o s i g n i f i c a n tc o n t i n u o u s a q u a t a r d s a p p e a r t o e x i s t be tween t h e s e f o r m a t i o n s a n d t h e d e e p e rf t o u b U d o u x s a ^ / d s t f l n ^ S ( t o p a t 2 0 0 M S L ) a n d t h e g u n t e r s a y d s t a n f e ( t o p a t -400 K S L )R e f . 7
t > e p t h ( i ) f r o t a t h e ground s u r f a c e t o t h e h i g h e s t s e a s o n a l l e v e l o f t h es a t u r a t e d rone [ w a t e r t a b l e ( s ) ] o f t h e a q u i f e r o f c onc ern:

D e p t h f r o w t h e ground s u r f i c e S g t h e l o w e s t p o i n t o f w a s t e^ttrraqfe: N.



S e t P r e c i p i t a t i o n
M e a n annual O T s e a s o n a l p r e c i p i t a t i o n ( l i s t t enth* f o r s e a s o n a l )

K e a n a n n u a l \ake o r s e a s o n a l e v a p o r a t i o n ( l i s t o o n t h s f o r t e a s o n a l )

N e t p r e c i p i t a t i o n ( s u b t r a c t t h e absve f i g u r e s )

P e r m e a b i l i t y o f B n s a t u r a t e d *cne\ H / A
•••*^v^hdk^H4^Hfe«WK*rtiHUllHArt^^H^M^Hii^AHtflBik^iMH^W^H^^^bAB^IWHMa>4II^C~~

S o i l t y p e i n u n s « t u r a : e d zone:

P e r a e a b i l i t y A s s o c i a t e d w i t h »oil t y p e

s t a t e o f s u b s t a n c e s « t ti»e o f d i s p o s t l (or * t \ p r e s e n t eiot f o r

* * *



L
3 C O N T A I N M E N T
C p r > t _ a i l ine n t
H e L h o d C a ) . o f w a s t e o r U a c h a t e c o n t a i n m e n t e v a l u a t e d :

M e t h o d w i t h h i g h e s t \ c o r e :

4 W A S T E C H A R A C T E R I S T I C S
l f t x j . c i t y * » d P e r s i s t e n c e
C o a p o u n d C t ) e v a l u a t e d :
p e n t a c h l o r o p h e n o l
R e f . 3 , 5 , 6

C o r o p o u n d w i t h h i g h e s t *core:
P C P
M a t r i x v a l u e of 18 - Ref. 1

T o x i c U y3 P e r s i s t e n c e

V a s t e Q u a n t i t y
T o t a l q u a n t i t y o f h a z a r d o u s s u b s t a n c e s A t t h e f a c i l i t y , e x c l u d i n g t h o s ew i t h A c o n t A i n a e n t *core o' 0 ( G i v e «. r e a s o n a b l e t s t i i a a t e ev«o i fq u a n t i t y i s above xux imsa):T o n s

Ref. 5 p. 1,2 and A t t a c h m e n t F
K*f - 9 ///t!$Ref. 10 ftef. 4 %ufes^5^5 is 8

Bads o f e s t i m a t i n g a n d / o r c o t s p u t i n r w*st« q u a n t i t y :
11 59° ^Vlr X 22 yrs "* 50 g a l / d r u m s » 220 drums or 55 tonsl m ? i ° U n - 3 v I - 6 8 S V ; ? d ' once f 1 1 1 e d « P a S J t i e s - 6 8 T o n s275 X 150' X 4' - 6111 cu.yd. - 6111 T o n s / i o t a ! - 6234 T o n s - e q u i v a l e n t s

* * *



5 T A R G E T S
G r o u n d V a t e r U s e

U c e ( s ) o f . a q u i f e r ( s ) o f c onc e rn w i t h i n a 3 - o x ] e r a d i u s o f t h e f a c i l i t y :
D r i n k i n g wat er . I n d i v i d u a l w e l l - o w n e r s d o n o t have a n a l t e r n a t i v e u n t h r e a t e n e ds u p p l y a n d t h e Omaha w e l l c a s e d t o 5 5 * d e e p a n d e x t e n d i n g t o 1 3 1 5 ' d e e p i s a l s oc o n s i d e r e d t h r e a t e n e d a n d w i t h o u t a n a l t e r n a t i v e s u p p l y .HRS v a l u e « 8

P i s 1 1 o c e t o . N e a r e s t W e 1 1
L o c a t i o n o f n e a r e s t w e l l d r a w i n g f r o a a c - j i f e r o f c o n c e r n o r o c c u p i e d ?b u i l d i n g n o t s e rved b y a p u b l i c w a t e r s u p p l y :H o m e l o c a t e d on road west o f s i t e

R e f . 2

D i s t a n c e t o above w e l l o r b u i l d i n g :400' HRS v a l u e * 4
O b s e r v a t i o n b y T . C . P e r d u e . E P A , 3 / 2 5 / 8 5Ref. 8 pg. 8

P o p u l a t i o n S e r v e d b y G r o u n d W a t e r V e i l s V i t h i n * _ 3 * H i l e i i a
I d e n t i f i e d w a t e r - s u p p l y w e l l C s ) d r a w i n g f r o m a q u i f e r d ) o f
w i t h i n a 3 - a i l e r a d i u s and p o p u l a t i o n s served by each:174 homes in area x 3.8 a 661

3 m i l e r a d i u s drawn on t o p o map Ref 2 and d w e l l i n g s c o u n t e d , t o t a l count 174

C o e p u t a t i o n o f l a n d area i r r i g a t e d b y s u p p l y v e l l ( i ) d r a w i n g f r o m
*Quif«.r.r»V of concern w i t h i n a 3-mi l e r a d i u s , and c onver s i on top o p u l a t i o n ( 1 . 5 p e o p l e p e r « cr e):

N o n e in area

t o t a l p o p u l a t i o n icrved by ground vat*r v i t h i n a 3-niU r a d i u s t
681 (HRS v a l u e * 2) HRS m a t r i x « 20



S U R F A C E W A T E R R O U T E

L i O B S E R V E D R E L E A S E
C o n t * a i n i _ n t s d e t e c t e d i n s u r f a c e v a t e r a t t h e f a c i l i t y o r d o w n h i l l f r c m
i t (5 o a x i o u a ) :

N o t e v a l u a t e d . D i s t a n c e t o p e r e n n i a l water i n C r i c k e t t C r e e k i s 3 . 5 m i l e sand in Barren Forfe£ i s 4 .3 m i l e s . H e n c e , there are no s u r f a c e water t a r g e t s
f o r M R S p u r p o s e s .

R a t i o n a l e f o r a t t r i b u t i n g t h e c o n t a m i n a n t * t o t h e f a c i l i t y :
oo

* * *
2 R O U T E C H A R A C T E R I S T I C S
F a c i l i t y j l o f r e a f i d I n t e r v e n i n g T e r r a i n

L _ ^ A v e r a g e s l o p e o f f a c i l i t y N i n p e r c e n t :>•-.—• \

N a m e / d e s c r i p t i o n o f n ear e s t . d o w n s l o p * s u r f a c e v a t e r

A v e r a g e s l o p e o f t e r r a i n b e twe en f a c i l i t y * n d i^ve-eited v u r f a c e u t t e r
body io p e r c e n t :

i1 * t h e f a c i l i t y l o c a t e d e i t h e r t o t a l l y o r p a r t i a l l y i n s u r f a c e wa t er?



c

I s t h e f a c i l i t y c o m p l e t e l y s u r r o u n d e d b y a r e a s o f h i g h e r e l e v a t i o a ?

*1 - Y e a r 2 & - R o u r R a i n f a l l i n I n c h e s

\
D i s t i n c t t s N e a r e s t p p y r . s l o p e S u r f a c e Miter

rL P h y i i c j t l j i t t ' . t o f V i « t e

^3 CONTAINMEKT
C o n t a i n n e n t
H e t h o d d ) o f w a s t * o r l e a c h i t e c o n t a i n m e n k e v a l u i t c d

K e e h o d v i t h h i g h e s t a e o r e f

/* ,



4 W A S T E C H A R A C T E R I S T I C S
T o x i c i t y a n d P e r s i s t e n c e

e v a l u a t e d

C o e j o u n d w i t h h i g h e s t

H a z a r d o u s W a s t e Q u a n t i t y
T o t a l q u a n t i t y o f h a z a r d o u s s u l
w i t h a c o n t a i n m e n t score o f 0
q u a n t i t y i s above

^ s t a n c e s a t t h e f a c i l i t y , e x c l u d i n g t h o s e
a r e a s o n a b l e e s t i m a t e even i f

B a s i s o f e s t i a a t i n g a n d / o r c o r e p u t i n g vast\ q u a n t i t y :

* * *

5 T A R G E T S
S j j r f a c c . W a t e r V i e
U i e ( f i ) o f l u r f a c e w a t e r w i t h i n 3 b i l e s d o w n s t r e a m o fs u b a t a n c t :



I s t h e r e t i d a l i n f l u e n c e ?

f r i s t a n c e t o a S e n s i t i v e E n v i r o n n e n t
\S i s t a n c e ' t o 5-acre ( a i n i t s u a ) c o a s t a l w e t l a n d , i f 2 a i l e s o r l e e s

D i s t a n c e t o 5-acre (eini=;=X f r e s h - w a t e r w e t l a n d , i f 1 f t i l e o r l e s s

D i s t a n c e t o c r i t i c a l h a b i t a t o f a n e i^angered s p e c i e * o r r t a t i o n a lw i l d l i f e r e f u g e , i f 1 e i l e o r l e s s :

P o p u l a t i o n S e r v e d b y S u r f a c e V a t e r
t o e a t i o n ( s ) o f w a t e r - s u p p l y i n t a k e ( s ) w i t h i n 3 a i l e s 6 ( r e e - f l o w > n g
b o d i e s ) o r 1 a i l e ( s t a t i c w a t e r b o d i e s ) d o w n s t r e a m o f c b c h a z a r d o u ss u b s t a n c e and p o p u l a t i o n served by each i n t a k e : \

C



C o m p u t a t i o n o f l a n d area i r r i g a t e d b y i b o v e - c i t c d i n t a k e ( s ) a n dc o n v e r s i o n t o p o p u l a t i o n ( J . 5 p e o p l e p e r a c r e ) :

T o t a l p o p u l a t i o n \erved:

H i a e / d e s c r i p t i o n o f n e a r e s t o f above w a t e r b o d i e s

D i s t a n c e t o a b o v e - c i t e d i n t a k e * , e s u r e d i n

10



A I R R O U T E

i O B S E R V E D R E L E A S E
C o n t a m i n a n t s d e t e c t e d :

No d a t a t o show a i r r e l e a s e .

D a c e a n d l o c a t i o n o f d e t e c t i o n o f c o n t a a i n a n t s

M e t h o d * u s ed t o d e t e c t - t h e c o n t a m i n a n t s :

R a t i o n a l e f o r a t t r i b u t i n g t h e c d r . t a s i n a n t s t o t h e s i t e

* * *
fi

' 2 W A S T E C H A R A C T E R I S T I C S
Re i c t iv i ty_ and J n c o t a p a t Jbi I igy
M o i t r e i c t i v « e o e p & u n d :

H o » E p a i r o f t o s p o u n d * :

11

i n&•it



T o x i c i t v
H o i t t o x i c c c e- .pound:

\\

H a z a r d o u s V i s t f t Q u a n t i t v
\T o t a l q u a n t i t y o f \ h a t a r d o u s w a s t e

S a * i s o f e s t i s a t i n g a n r f / o r \ o = p u t i n g w a s t e q u a n t i t y :

* * *

3 T A R G E T S

C i r c l e r a d i u s u s * d , j i v e p o p u l a t i o n , a n d i n d i c a t e h o w d e t e r m i n e d
0 co 4 ai 0 to 1 ai 0 to 1/2 ai\ 0 to 1/4 ni

t o a S e n s i t i v e Environment
f t i s t c n e e t o 5~icre ( m i n i n u a ) c o a s t a l w e t l a n d , i f 2 a x l e s 6 f U « t *

D i s t a n t * to 5-«cre ( o i n i a u a ) f r e s h - u * t e r v a t l t n d , i f 1 « i l e or l e s s ;



D i s t a n c e t o c r i t i c * ! h a b i t a t o f a n e n d a n g e r e d s p e c i e s , i f 1 e i l e o r
l e s s :

L a n d U s e
D i s t a n c e t o c c f i a e r c i a l / i n d M S t r i a l a r e a , i f 1 a i l e o r l e s s :\

D i s t a n c e t o n a t i o n a l o r s t a t em i l e s o r l e s s : t f o r e s t , o r w i l d l i f e r a s e r v e , i f 2

D i s t a n c e t o r e s i d e n t i a l a r e a , i f 2 » i l e $ \ o r l e s s :

D i s t a n c e t o a g r i c u l t u r a l l a n d i n p r o d u c t i o n v i t \ i n p a s t 5 y e s r s , i f 1m i l e o r l e s s :

D i s t a n c e t o p r i m e a g r i c u l t u r a l l a n d i n p r o d u c t i o n v i t h i p p a s t 5 y e a r s , i f
2 t t i l e a or l e s t :

I t a h i j t o r i c o r l a n d a a r k s i t e ( N a t i o n a l R e g i s t e r o r H i s t o r i c f l a c e s a n dn a t i o n a l N a t u r a l U ' n d o & r k s ) w i t h i n t h e vie t , o f t h e s i t e"?

13



r m A N D E X P L

i u b t t a r . c t s p r e s e n t :
S i t e n o t c e r t i f i e d b y F i r e M a r s h a l lo r c o n t a m i n a n t d e t e c t e d a s f i r e h a z a r d ,Route score is 0.

T y p e o f c o n t a i n m e n t , i f

K o t t i n c o a p i t i b l e p a i r o f
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I f t h e e n t i r e r e f e r e c c e I B n o t a v a i l a b l e f o r p u b l i c review I D t h e E P A
f i l e t on th i i B i t e , i o d i c a t c where the r e f e r e n c e »ay be f o u n d :

___________________of the Reference_____________—«_«_
U n c o n t r o l l e d H a z a r d o u s W a s t e S i t e R A n k i n g S y t t e a : A t J » e f » Manual.47 FR 31219-31243, 16 J u l y 1962 ( A p p e n d i x A, CERCUO.
T o p o g r a p h i c m a p s O m a h a , A r k - M o . Q u a j . 1967, 7 . 5 m i nDenver , A r k - M o . Q u a d . 1972, 7 .B minOmaha H E , A r k - M o . Q u a d . 2966 , 7 . 5 m i n
L e t t e r f r o m C h a r l e s M c L a u g h t o n , M c C l e l l a n d C o n s u l t i n g E n g i n e e r s , I n c .t o Doi c e H u g h e s , A D P C E , J u l y 1 2 , 1983
A P D C E I n s p e c t i o n R e p o r t t o M i k e B a t e s f r o m J a y J u s t i c e , N o v . 5 , 1981

urn t o Bob B l a n z , f r o m M i k e B a t e s Oc tob er 12 , 1981
L e t t e r M c C l e l l a n d C o n s u l t i n g E n g i n e e r s , I n c .T o : Doi c e H u c h e s , A D P C E : F r o m C h a r l e s M c L a u o h l i nMay 22, 1984

A . G . L a m o n t i s . - W a t e r resources R e c o n n a i s s a n c e o f t h e Ozark P l a t e a u s P r o v i n c e .N o r t h e r n A r k a n s a s , U S G S ; H y d r o l o g i c a l I n v e s t i g a t i o n s , A t l a s H A - 3 8 3 . 1972
E P A S i t e I n s p e c t i o n R e p o r t , F o r m 2070-3 p r e p a r e d b y Doic e H u g h e s , A D P C E3 / 2 7 / 8 $
Record o f C o m m u n i c a t i o n f ro-n Doice H u p h e s , A D P C E t o T i m P e r d u e , E P A3 / 2 6 / 8 5
Memo t o Doice H u g h e s , A D P C E t o T i m P e r d u e , E P AR e c e i v e d 4 / 1 0 / 8 5 . S u b Arkwood o n s l t e w e l l a n d d e m i s s i o n o f o n s i t e drums
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A O P C E I n s p e c t i o n R e p o r t t o H i k e S a t e s f r o m J a y J u s t i c e , H o v . 5 , 1981
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L e t t e r M c C l e l l a n d C o n s u l t i n g E n g i n e e r s , I n c .T o : Ooice H u g h e s , A O P C E : F r o m C h a r l e s M c L a u g h l i nMay 22, 1984



S T A T E O F A R K A N S A S
• ' . ,H

D E P A R T M E N T O F P O L L U T I O N C O N T R O L A N D E C O L O G Yeooi N A T I O N A L D R I V E
L I T T L E R O C K . A R K A N S A S 722O9

S O I - 3 7 M 7 0 1 G E *3 O t - 3 7 ! - l 7 0 1 A mb O i - 3 7 » - i 7 o i S o u s W A S T C5 O 1 - 3 7 I - 1 7 0 1 W A T L B O i vS O I - 3 7 1 - 2 1 3 0 B u f t O F F I C E
M E M O R A N D U M

T O ; J . B . J o n e s
R. David Orr

D A T E : J u l y 2 9 , 1981
S U B J E C T : A r k u o o d P r e s e r v a t i v e P l a n t near Omaha
At a p p r o x i m a t e l y 10:09 a.m. on J u n e 19, 1981, I arr ived at A r k u o o dP r e s e r v a t i v e P l a n t near C r i c k e t , a p p r o x i m a t e l y 16 mile s n o r t h w e s tof K a r r i son on H i g h w a y 65. A c c o m p a n y i n g me on the c o m p l a i n ti n s p e c t i o n w a s H i k e Y o u n g b l o o d , Boone County S a n i t a r i a n , A r k a n s a sD e p a r t m e n t o f H e a l t h . A t t h e p l a n t o f f i c e , w e n e t M r . R o y H o r n ,P l a n t M a n a g e r . We t o l d Mr. H o r n about th e c o m p l a i n t we rece ived("Bad l o o k i n g water c ed ing f r o m a s p r i n g in s id e a ra i l road
tunnel a d j a c e n t to the Arkuood p r o p e r t y " ) , and t o ld him that wewould l ike a short tour of the treatment proce s s .
T h e i r t r e a t m e n t p r o c e s s involves s t eam p r e s s u r e t r e a t m e n t withp e n t a c h l o r o p h e n o l and c r e s o t e on a f o u r - d a y c y c X e . A l t e rt r e a t m e n t , the wood p o s t s are p i l e d in small g r o u p s to cure.Ho means of containment was observed below the p l i e s . T h e r ewas a level area of "clayish" gravel soil.
Hr. Y o u n g b l o o d and I both observed several p o o l s o f b l a c k i s hw a t e r on. the p r o p e r t y and a d j a c e n t t o the p r o p e r t y f c l o t i g arailroad right of way.
A f t e r the tour of the treatment proce s s> we drova along thera i lroad tracks to A tunnel where a r epair crew was r e p a i r i n gtracks. T h e r e we met Mr. Gary Benhaio, M o t o r Car O p e r a t o r .t ie c o ld Mr. Benhaa why we were th er e and he s a i d , "I'll showyou some bad water on the far s ide of the tunnel."
I n s i d e the tunnel we observed t spring f l o w i n g f r o t t the norths i d e which d i s c h a r g e d t h r o u g h metal p i p e s • The water A p p e a r e d •clear. f u t h e r i n s i d e the tunnel we observed A n o t h e r s p r i n gf l o w i n g about 30 f e e t ' above the tracks . T h i s water a p p e a r e dsomewhat clear but f u r t h e r down the d i t c h , it f o r m e d *n oilf i l e on the s u r f a c e and stained the walls and dire s u r f a c e s .On the east s id e of the t u n n e l , we observed laore oil f i l a whichc o l l e c t e d i n p o o l s . T h e d r a i n a g e f l o w e d o f f t h e ra i l road trackright of way into a l a r g e poo l of water wi th a t h i c k brownish
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Arkvood *J u l y 2 9 , 1981Page Two
o i l f i l m o n t o p . F u r t h e r s t u d y showed t h i s creek t o f l o w in toBarren C r e e k , a t r i b u t a r y to Bull S h o a l s L a k e ,
S a m p l e s were taken on the east f i i d e o f the tunnel ( S p e c i a l 01at 10:45 a . m . ) , i n s i d e tunnel at west end below w e s t s i d e c p r l n gon s o u t h s i d e ( S p e c i a l £2 a: 10;53 a , m , ) , and at the s p r i n g onthe north s i d e of the tunnel ( S p e c i a l 03 at 11:01 a , n , ) i T h e s es a a p l e s were f l o w n to L i t t l e Rock at 5;20 p , 3 ,

I f e e l t ha t the Arkvood Pre s e rva t iv e P l a n t near C r i c k e t hascaused c o n s i d e r a b l e e n v i r o n m e n t a l d a i n a g e , Drink ing w a t e r inth e area and a s s o c i a t e d t r i b u t a r i e s have b t e n c o n t a m i n a t e d ,I ttt\ t h i s t h i i c t t t a r i h o u l d bo turned over to the l e g a ls e c t i o n for review, a.nd t o the h a z a r d o u s waste s e c t i o n forf u t u r e s a m p l i n g ,
S i n c e Bull S h o a l s take i s a f f e c t e d , t h e Mis sour i D e p a r t m e n to f H a t u r a l Resources should b f t n o t i f i e d , T h e C o r p s o fE n g i n e e r s , F i s h a n d W i l d l i f e S e r v i c e , a n d t h e Arkansas G a j n ear.J F i s h C o m m i s s i o n sh .u ld also b e n o t i f i e d ,

If I can be o f a s s i s t a n c e , p l e a s e f e e l f r a e t o c on tac t we ,

cc: Bob Blanz. Cheryl T e r a iJ i a S h e l lDoice H u g h e s
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ARKANSAS DEPARTMENT OF JOLLUTIOH CONTROL A1ID ECOLOCV

H E I D R A - V O U H

TO ; David Orr, F i e l d I n s p e c t o r , C o n p i i n n e e and T.A. Branch
FROM J Richard T h o m p s o n , Chto ia t S u p e r v i s o r - V a t e r , Techn i ca l S e r v i c e s .
pATE ! Juaa 24, 1981
S U B J E C T : Aaolya i i o f S a & p l e a F r o m A r & f o o d Wood T r e a t i n g P l f l n c - 7M*

d p

Tha a n a l y s i s o f the a & t a p l e a you g u b a i t t e d o n r f a y 20^1901,haa been c o e p l f t t e d and the ra su l ta aro liatc-*^1-~*-rf^k
p e s c r i p t i o n

24503 Eaat S i d e of Tunnel
24504 t a a i d f l T u n n i l At V a t t b & d .
26505

8.56
2.1 ta s/1

n o t ' d d t e c t f t d
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S U B J E C T :

Bob B l a n z , D e p u t y D i r e c t o r
K i k e B a t e s , H a z a r d o u s W a s t e I n s p e c t o r H t P
October 12, 1981
Arkwood , , lac. at Cricket ( S o u t h of Oca Ha)

Arkvood . Inc. of Omaha is l o c a t e d on 15-20 acres in Sec. 27 T21NR21U in Boone
C o u n t y , A r k a n s a s . The business c o n s i s t s o f a o i l l v o r k s h o p , a u o o d t r e a t i n g
o p e r a t i o n u s i n g p e n t a c h l o r o p h e n o l and cr e s o t e and the s t o r a g e o f the t r e a t e dwood p r o d u c t s b e f o r e sale .
David Orr of our T a y e t t e v i l l e o f f i c e rece ived a c o o p l a i n t about "bad l o o k i n gvater c s a i n g f r o t a a s p r i n g i n s i d e a r a i l r o a d tunnel a d j a c e n t t o th e Arkvoodp r o p e r t y " and made an i n s p e c t i o n a l o n g wi th the Boone County S a n i t a r i a n , H i k eT o u n g b l o o d on J u n e 19» 1981 (see A t t a c h m e n t "A"). David took three vaters a & p l e s a t t h e r a i l r o a d tunne l* p l e a s e r e f e r t o a t t a c h e d a n a l y s i s ( A t t a c h m e n t
"»"> •
A r k v o o d , Inc. n o t i f i e d under RCRA as a generator of hazardous waste. I visitedthe s i t e on October 5 and 6. 1981 , for the p u r p o s e of c o n d u c t i n g an inter im
s t a t u s s t a n d a r d s i n s p e c t i o n a n d t o f o l l o w - u p t h e i n i t i a l c o m p l a i n t .
Arkvood was f o u n d e d and o r i g i n a l l y o p e r a t e d by B. C. Ormand in the early 1960's( a p p r o x i m a t e l y 1 9 6 2 ) . Mr. Ormand l ea s ed the pro c e s s and land to MassM e r c h a n d i s e r s , Inc . o f Uarr i s on in t h e mid 1970 ' s . K a s s M e r c h a n d i s e r s a r ethe current o p e r a t o r s of the s i t e . T h e i r r e p r e s e n t a t i v e s , Bob Barker and DevoeG r e g o r y o f t h e Wood P r o d u c t s G r o u p , s u p p l i e d t h e background i n f o r m a t i o n f o rth i s report dur ing a toe"eting on October 6, 1981.
The w a s t e s f r o a the" wood t r e a t i n g o p e r a t i o n , a c c o r d i n g to Mr. Barker and Mr.G r e g o r y , were d u m p e d into a cave at the t r e a t i n g p l a n t f r o m the b e g i n n i n g ofthe o p e r a t i o n to around 1970 vhen the cost of the t r ea tmen t chemica l s f o r c e dA recovery s y s t e m to be e m p l o y e d . The cave was covered by b o a r d i n g the entranceup and covering it vith A layer of dirt (the entrance Is f l u s h vi th the grounds u r f a c e ) . C u r r e n t l y the was t e s cons i s t s o f the vash down of the treatmentroom f l o o r and the c l ean ing of the treatment cy l inder betveen the use of p e n t aand cresote. T h e s e wastes are accumlated in a tank and then spread over thes torage yard for use AS dus t control . Mr. Barker e s t i m a t e d they generate ap-p r o x i m a t e l y 500 g a l l o n s / y e a r (6-7000 I b s / y e a r ) of these wastes. S t e a m i s a l soused in the t r ea tment p r o c e s s , the steam it said to be reused in the proc e s s ,some i s b led o f f t o d i s charg e behind the o f f i c e b u i l d i n g a d j a c e n t t o MissouriP a c f i c rai lroad.
Arkwood could be c l a s s i f i e d as a S m a l l Q u a n t i t y G e n e r a t o r , a c cord ing to thegenera t i on amounts f u r n i s h e d by Mr. Barker, i f they d i s p o s e of their vast*p r o p e r l y . Arlcuood is p r e s e n t l y d i s p o s i n g of their waste improper ly by spread-ing the material for dust contro l and by d u a p i n g it in several p l a c e s At then o r t h e a s t e r n end of their p r o p e r t y near H i g h w a y 65. The f r e q u e n c y of th»s«"dumps" are a p p r o x i m a t e l y every thre e weeks a c c o r d i n g to A Roy H o r n , t r ea tment
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p l a n t manager. The area around the t r e a t m e n t p l a n t i s s a t u r a t e d w i t h thet r ea tment c h e m i c a l s . T h e r e ar e p o o l s o f o i l y m a t e r i a l around th e t r ea tment
c y l i n d e r and the s t o r a g e tanks. The tanks are not diked (with the e x c ep t i onof the raw p e n t a s t o rage t a n k ) nor is th ere any o ther t y p e of containment topreven t t h e washing o f t h e o i l y sub s tance s o f f - s i t e d u r i n g rains. T h e s t o r a g eyard where the t r e a t e d wood p r o d u c t s are taken to "cure" is s a t u r a t e d in manyareas with what a p p e a r s to be the t r e a t m e n t chemical s l ea ch ing f r o m the woodproduc t s . Hr. Horn indicated that th i s sa turat ed soil is scooped out period-i c a l l y and p i l e d up a l o n g the entrance road when the s t o r a g e areas get toomushy to o p e r a t e the machinery.
The s t eam b l e e d o f f d i s c h a r g e , a s m e n t i o n e d above, e x i s t s on the s l o p e behindth e o f f i c e b u i l d i n g . The s l o p e b e low th e d i s c h a r g e p i p e s ia o i l s t a i n e d ; mtthe base of the s t a i n e d area there is an impoundment which c on ta in s a b lacko i ly l o o k i n g l i q u i d . Hr. H o r n said tha t n o t h i n g wa s d i s c h a r g e d through th ep i p e s e x c ep t s team and that no th ing had been put in the impoundment for years.T h e I m p o u n d m e n t i s a p p r o x i m a t e l y I S ' X i O 1 , d e p t h unknown. T h e r e w a d a p p r o x i m a t e l y2* of f r e e b o a r d wi th no evidence of o v e r t o p p i n g . The impoundment i s l o c a t e da d j a c e n t t o th e M i s s o u r i P a c i f i c r a i l r o a d and a p p r o x i m a t e l y 4001 nor thwe s tof the ra i l road tunnel m e n t i o n e d in the i n i t i a l c o m p l a i n t .
The tunnel l i e s in a nor thwe s t / s o u t h e a s t line and is a p p r o x i m a t e l y 1 / 2 - 3 / 4of a milt in l e n g t h . T h e r e is a c o n s t r u c t i o n crew working on the northwest-entrance of the tunnel to widen it. T h e y have been working on the tunnel sincethe f i r s t of the year, the work has r e p o r t e d l y Involved a c on s id e rab l e amountof b l a s t i n g . G a r y B e n h a j n , with the construct ion crew, accoopained me intothe tunnel on October 5. 1981. T h e r e are three s p r i n g s in s idn the t unne l ;t h e f i r s t o f which ( a p p r o a c h i n g f r o m th e n o r t h w e s t ) i s l o c a t e d about h a l f w a ythrough the tunnel on the northern side. The other two are located ia thes ou th ea s t one-third of the t u n n e l , d i s c h a r g i n g f r o m the south s ide o f the tun-nal. The f i r s t two s p r i n g s d i s c h a r g e through p i p e s i m b e d d e d in the tunnelvail a p p r o x i m a t e l y 20-30' above the tracks. The s o u t h e a s t e r n moet s p r i n gbreaks out near the r o o f . Hr. Benhaa s t a t e d that the crew compla ined thatthe spray from the spr ing s burned their eyes.
The water in the d i t c h e s a l o n g the tracks was brown in color and had a darkbrovo to b la ck f i l m on the s u r f a c e . The tunnel wa l l s and s ide s of the d i t ch e swere oil s t a i n e d . Both d i t c h e s showed signs of contamination. how«v«;, thesouthern d i t ch a p p e a r D to be more heavily contaminated.
The »outhern d i t c h f l o w s s o u t h e a s t e r l y f r o m the tunnel for about 1000* b e f o r eit drop* off into a d e p r e s s i o n fonaad by the po int s of two r idge s in t er s e c t ingthe rai lroad. The trees growing in the b o t t o m of thia d epr e s s i on had oils t a in s on them up to 12* above the present level of the water (with oil f i l m ) ,this d e p r e s s i o n i s the receiving point of three drainage p a t t e r n s (see A t t a c h m e n t s"D" aad "£"). X did not observe a dra inage point out of the d e p r e s s i o n underthe railroad. T h i s depre s s ion could p o s s i b l y be a sinkhole. Hark U i t h e r c p o o nof our s t a f f agree s with this p o s s i b i l i t y but I n d i c a t e d that a closer a t u d ywould be needed to c o n f i r m it.
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The northern d i t c h a l s o f l o v s in a s o u t h e a s t e r l y d i r e c t i o n f or about 1000*
b e f o r e turning north and d r o p p i n g s h a r p l y to intersect W a l n u t Creek on theea s t e rn s i d e o f t h e r a i l r o a d . The tunne l s p r i n g s a p p e a r t o b e s u p p l y i n g mostof the water in W a l n u t Creek at the present time. The creek bed is drya p p r o x i m a t e l y 600' d o w n s t r e a m f r o a t h e p o i n t where t h e tunnel s p r i n g vaterin t e r s e c t s the creek. The rocks in the dry bed of W a l n u t Creek are t in t edbrown whereas the rocks of an i n t e r s e c t i n g i n t e r m i t t e n t s t r eam f r o m the nor th ea s t( d r y a l s o ) are not. T h i s could be an i n d i c a t i o n of the pa s t f l o w o f c o n t a m i n a t e sdown W a l n u t Creek.
N i n e s a m p l e s were taken d u r i n g the i n s p e c t i o n . L o c a t i o n s o f th e s a m p l e s areshown in A t t a c h m e n t s "C" and "p", s a m p l e d e s c r i p t i o n on A t t a c h m e n t i rF". S a a r p l eanalys i s for p e n t a c h l o r o p h e n o l and cresote should be avai lab l e around October14th. N u m e r o u s p h o t o g r a p h s were taken and w i l l be f u r n i s h e d when p r o c e s s e d .The Arkwood p r o p e r t y l i e s on the Pit kin l imes tone formation. The contaminated .wat er f l o w s s o u t h e a s t f r o a the r a i l r o a d tunnel to an area u n d e r l a i n by theP o v e l l D o l o m i t e a n d t h e C o t t e r a n d J e f f e r s o n C i t y D o l o m i t e s . T h e s e f o r m a t i o n sa r e t y p i c a l l y i n t e r m i t t e n t l y s o l u t i o n i z e d a l o n g j o i n t i n g p a t t e r n s . S o l u t i o n -i t a t i o n may be r e t a r d e d due to the chert content.
On a ha c i t y v a t e r e x t e n d s a l o n g H i g h w a y 65 for about one m i l e south of A r k w o o d .T h i s a c c o r d i n g to R a l p h S e r o g g i a s who owns the house and mobile home at thei n t e r s e c t i o n o f H i g h w a y 65 and the road l e a d i n g to C r i c k e t . Mr. S c r o g g i n sa l so aaid the c i ty lines do not extend off of H i g h w a y 65 very f a r . T h e r e are. a p p r o x i m a t e l y 14 homes which use i n d i v i d u a l w e l l s as d r i n k i n g water wi th in' a aile radius o f A r k w o o d , assuming that a l l o f t h e residences within t h e cityl i m i t s are on c i t y water and d i s c o u n t i n g the homes a l o n g H i g h w a y 65 whichs h o u l d also be on ci ty water.
The Omaha c i ty water s u p p l y i s a veil l o c a t e d in the NI&, NEk Sec. 2 7 T 2 1 K R 2 1 V ,in s ide the c i ty l im i t s near the Post O f f i c e . T h i s veil i s a l s o within onemil e of the s i t e , the t o t a l d e p t h of the veil i s 1315* with a cas ing d e p t hof 60*. The only vatar veil s a m p l e taken vas f r o m Arkwood. The d e p t h of theveil is unknown, however» Mr. H o r n s t a t e d that the p u & p ( s u b m e r g a b l e ) va* setat 920*.
We have recent ly received another complaint f rom a representative of the rail-road who charges that a vood t r e a t i n g p l a n t near Cricket is l e t t i n g liquidvood preservatives 9ut of a h o l d i n g area and that this material is g e t t i n ginto A railroad tunnel. The c o m p l a i n a n t also s ta t e s that railroad p e o p l e areg e t t i n g sick f r o m the f u m e s in the tunnel. T h i s c omp la in t does have somev a l i d i t y to i t . There i s d e f i n i t e l y vood t r e a t i n g cheaieals g e t t i n g into thet unne l , however, as s t a t e d earl ier I did not observe any d i s c h a r g e or evidenceof the o v e r t o p p i n g of the dikes of the impoundment below Arkwood. The railroadp e o p l e may be g e t t i n g sick f r o m f u & e s i u s l d a the tunnel , but 1 think th« fuaa svould more l i k e ly be coming f r o m the train engine exhaus t s , e s p e c i a l l y sine*the trains have to travel at a s low sp e ed through the tunnel ( c o m p l a i n a n treports 10 m.p .h .).
The Arkwood vood t r e a t i n g p l a n t is a serious threat to the groundwaf i e r ands u r f a c e vater q u a l i t y in the area. The r e p r e s e n t a t i v e s of Arlcvood have vo l c tdtheir w i l l i n g n e s s to c oopera t e and do what is necessary, wi thin their means t
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t o a l l e v i a t e a n y e n v i r o n m e n t a l damage s t e m m i n g f r o m their o p e r a t i o n . T h e r e
arc several t h i n g s , in toy o p i n i o n , which shou ld be a c c o m p l i s h e d .
1. S e a l the on-si te cave, with concrete or other water t i g h t m a t e r i a l , toprevent any con taminat e s f r o m en t er ing it .
2. Cease the on-site d u m p i n g or s p r e a d i n g of wastes f r o m the t r e a t i n g proce s s .
3. C l e a n - t p of all c on tamina t ed soil on-sit« and p r o p e r l y d i s p o s a l of i t ,
4. E s t a b l i s h dip p a d s and r u n o f f containment for the t r e a t e d wood p r o d u c t ss t o r a g e area.
5. E l imina t e any o i l y d i s c h a r g e and c lo se out or maintain the impoundmenta c c o r d i n g to RCRA (if it contains & hazardous w a s t e ) .
6. Determine source of c on taminat i on in s i d e tunnel and i m p l e m e n t measuresto correct it.
7 . C l e a n - u p a l l o f f - s i t e c on tamina t i on .
3. S a m p l e r e s i d e n t i a l v e i l s i s area for p r e s e n c e of contaminante s .
p l e a s e advi s e as to vhat act ion should be taken.
H B / r l b
c c : D o ' e e H u g h e sJ . B . J o n e s
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Or

P C P w a s f o u n d i n r e s i d e n t i a l wat er w e l l s .

*OO6 C H A I N

9,

PCP was f ound in ground water

a. o r t u n r A c s W A T C H

PCP was f o u n d in water from d i t c h e s and s p r i n g s .



Dead areas wereon S l o p e above we t u n n e l , in d i t c h e s . "~
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C o n t a m i n a t e d s o i l was

Damage t o wat er w e l l s . B e h r e n ' s P r o p e r t y w a s p u r c h a s e d b y H a s s M e r c h a n d i s e r s , I n c



W h e n ^ o i l g a t h e r e d on top of the west RR impoundment it was set on f i r e to bumi t o f f .
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T h e r e is no f e n c e around the i m p o u n d m e n t s , and f e n c e to p l a n t s i t e 1s too low toprevent i n g r e s s .
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W a s t e o i l s and water were dumped in to a h o l e near p l a n t door.
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T O i H i k e B a t e s , H a z a r d o u s W a s t e I n s p e c t o r , A i r a n d H a z a r d o u s W a s t e
T R O M : J a y J u s t i c e , H a z a r d o u s W a s t e C h e m i s t , T e c h n i c a l S e r v l c e s J y i Q(̂7*I3ATE : Kovenber 5, 1981
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A t t a c h o e n t "F"
S a m p l e s T a k e n D u r i n g I n s p e c t i o n o f A r f c w o o d

S a a p l e
Arkwood - 1

Arkwood - 2

A r f c w o o d - 3
o f f i c e ~

A r f c w o o d - 4

Arkwood - 5
A r f c w o o d - 6

A r f c w o o d - 7
L

A r f c w o o d - 8
A r f c w o o d - 9

dump area - saw du s t aad o i l y mater ia l - b l a c k

due? area - s a w d u s t and oil mat er ia l - b l a c k -a p p r o x i m a t e l y 100* Stf o f A r f c w o o d 1
water f r o m d r a i n a g e p i p e l e a v i n g p r o p e r t y K U o f
l i g h t b r o w n - f o a m y
water f r o m o f f i c e - (we l l o n s i t e ) - pump set at

water f r o m W a l n u t Creek
N o r t h RR d i t c h (SE of t u n n e l ) where i t d r o p s toW a l n u t Creek • vatar
S o u t h RR d i t c h d i r e c t l y across f r o m Arkwood - 6 -water
d i s c h a r g e bbhind Arkwood o f f i c e - water
SE corner of i m p o u n d m e n t below A r f c w o o d - 6 - sediaent



M C C L E L L A N D C O N S U L T I N G E N G I N E E R S I N C .
E n v i r o n m e n t a l a n d M a t e r i a l s T e s * : i ;l . E n v i r o n m e n t a l and C h e m i c a l £ n g i n e « n n g

I M e C U L W W D . J E » I

J u l y 1 2 , 1983 81-161

O
M r . Doice H u g h e sA r k a n s a s D e p a r t m e n t o f P o l l u t i o nC o n t r o l and E c o l o g y8001 N a t i o n a l DriveL i t t l e Rock, A r k a n s a s 7 2 2 0 9
Re: A r k w o o dO^aha, A r k a n s a s

S i x water s a m p l e s were c o l l e c t e d near t h e A r k w o o d P l a n t o n J u n e28, 1983. The r e s u l t s o f p e n t a c h l o r o p h e n o l a n a l y s e s on th e s es a m p l e s ar e a s f o l l o w s :

S a m p l e D e s c r i p t i o n
Railroad tunnel s p r i n g ,south s i d e , near east end
S p r i n g west o f p l a n t , southof c6unty road
f e ehren W e l l No. 2
Behren W e l l No. 3
R u n - o f f

P C P , m g / 1
0.03

10.0

< 0.00005
<0. 00005

0.87

well s a m p l e s have shown continued improvement with nod e t e c t e d £n these l a t e s t s a m p l e s . H o w e v e r , d u r i n g the la s t twoe a m p l i n g p e r i o d s , the s p r i n g s a m p l e s have had increasedc o n c e n t r a t i o n of P C P . W h i l e we do not know what caused the s eincreas e s , we can s u g g e s t two p o s s i b l e c o n t r i b u t i n g f a c t o r s :
C o n t i n u e d -

C O L U O I *V^ t.O »OV 189



M r . Doice H u g h e sA r k a n s a s D e p a r t m e n t o f P o l l u t i o nC o n t r o l and E c o l o g y
J u l yP a g e 12, 1983.......2

(1) heavy rains and h i g h e r g r o u n d w a t e r f l o w s in t h e s p r i n gm o n t h s may have "washed out" some of the w a s t e m a t e r i a l whichhad been d e p o s i t e d u n d e r g r o u n d at the p l a n t in years p a s t ; and(2) th e very l ow s p r i n g f l o w s on J u n e 2 8 t h may have p r o v i d e dlower d i l u t i o n volumes than in the p a s t thereby r e s u l t i n g inh i g h e r P C P c o n c e n t r a t i o n s .
We p l a n to c o n t i n u e the s a m p l i n g program at Arkwood over thenext s everal m o n t h s and w i l l cont inue to i n f o r m you of ther e s u l t s . M e a n w h i l e , p l e a s e c a l l i f y o u have a n y q u e s t i o n s .
S i n c e r e l y ,

C h a r l e s M c L a o g h l i n , P.E.
C M c L / p a a
ccs Mr. Bob BarkerMr. Devoe G r e g o r y



M C C L E L L A N D C O N S U L T I N G E N G I N E E R S I N C ,
Environmental »nd M a t e r i a lC i v i l . E n v i r o n m e n t a l and Chemi ca l E n g i n e e r i n g

K K K
. t I U t C l E L L A N O . f J L J t «0wt 9

May 22, 1984 81-161

M r . Doice H u g h e sA r k a n s a s D e p a r t m e n t o f P o l l u t i o nC o n t r o l and E c o l o g yB001 N a t i o n a l DriveL i t t l e H o c k , A r k a n s a s 72209
Re j ArkwoodOmaha, A r k a n s a s
Dear M r * H u g h e s i
Six water s a m p l e s were c o l l e c t e d near the A r k w o o S p l a n t onMay 11 , 1984. The r e s u l t s o f p e n t a c h l o r o p h e n o l a n a l y s e s on the s es a m p l e s ar e a s f o l l o w s :

S a m p l e D e s c r i p t i o n
R a i l r o a d tunne l s p r i n g ,south s i d e , near east end
S p r i n g vest o f p l a n t , s ou thof c o u n t y road
Behren W e l l N o . 2
Behren W e l l N o . 3
R u n o f f Ho. 1
R u n o f f N o . 2

P C P , m q / 1
0.057

4.6

0.00021
0.00024
4.2
0.85

L t t o D H / A D P C t E
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M r . Doice H u g h e sA r k a n s a s D e p a r t m e n t o f P o l l u t i o nC o n t r o l a n d E c o l o g y
May 22, 1984P a g e . . . . . . . 2

P l e a s e a d v i s e i f there are any q u e s t i o n s a t t h i s time.
S i n c e r e l y ,

C h a r l e s M c L a u / h l i n , P . E ,
C M c L / p a a
ccs Mr. Bob BarkerM r . Devoe G r e g o r y

Lt t o D H / A t > P C t E
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COMMENTS OF
*

M A S S M E R C H A N D I S E R S , I N C .
R E G A R D I N G U P D A T E N O . 4 T O T H E

N A T I O N A L P R I O R I T I E S L I S T
A R K K O O D , I N C . S I T E ( O M A H A , A R K A N S A S )



I . I N T R O D U C T I O N
T h e s e c omment s a r e s u b m i t t e d o n b e h a l f o f M a s s

M e r c h a n d i s e r s , I n c . o £ H a r r i s o n . A r k a n s a s ( " M M I " ) i n
r e s p o n s e t o E P A ' s U p d a t e H o . 4 t o the" N a t i o n a l P r i o r i t i e s
L i s t . 5 0 F e d . Reg. 37950 ( - p u b l i s h e d S e p t e m b e r 1 8 , 1 9 8 5 ) .
M M I ' f l comments a r e l i m i t e d t o t h e H a z a r d o u s R a n k i n g S y s t e m
( " E R S " ) score p r o p o s e d f o r t h e A r k w o o d , I n c . s i t e i n O m a h f t ,
A r k a n s a s . A s s e t t o r t h more f u l l y be low, M H I b e l i eve s that
E P A ' s H R S c a l c u l a t i o n s c o n t a i n t w o errors that s i g n i f i c a n t l y
a f f e c t t h e u l t i m a t e B R S score f o r t h e Arkwood s i t e . F i r s t ,
E P A ' a e s t i m a t e o f t h s t o t a l q u a n t i t y o f waste erroneou s ly
count s t h e same w a s t e more than once. S e c o n d , E P A ' s
G r o u n d w a t e r T a r g e t s c a l c u l a t i o n s are based on an erroneous
a s s u m p t i o n r e g a r d i n g t h e number o f a f f e c t e d g r o u n d w a t e r
users a n d t h e a v a i l a b i l i t y o f a l t e r n a t e , u n t h r e a t e n e d
s u p p l i e s . W h e n b o th o f the se errors a r e e l i m i n a t e d f r o m t h e
H R S c a l c u l a t i o n s , t h e B R S score f o r t h e Arkwood s i t e ' i s
r educed &com 34.21 to 1 4 . 5 2 ,

I I . B A C K G R O U N D iThe Arkwood s i te is the location of a s m a l l /
s i n g l e c y l i n d e r wood t r e a t i n g p l a n t in north central
A r k a n s a s . The p l a n t was constructed in 1962 and closed in
19b4. MMI o p e r a t e d -the p l a n t f r o m 1974 to 1984. In 19 8.1 /
a n o f f - s i t e i n v e s t i g a t i o n revealed d e t e c t a b l e l eve l s o f



L t a c h l c - r o p h e n o l in two s p r i n g s and two i n a c t i v e d o m e s t i c
w e l l s i n t h e i m m e d i a t e v i c i n i t y o f t h e p l a n t s i t e . S i n c e
1981, M M I h a s c o o p e r a t e d w i t h t h e A r k a n s a s D e p a r t m e n t o f
P o l l u t i o n C o n t r o l & E c o l o g y ( " A D P C f i B " ) i n v o l u n t a r y e f f o r t si
t o i n v e s t i g a t e g r o u n d w a t e r c o n d i t i o n s a n d remove p o t e n t i a l
sources o f c o n t a m i n a t i o n .

C
C
C

I I I . Y H E _ _ P R O P O S E P _ . H _ R S _ W A S T B Q U A N T I T Y C A L C U L A T I O N
•U p d a t e No. 4 to the NPL propo s ed an RRS score of

34.21 f o r t h e A r J c w o o d s i t e . T h i s c a l c u l a t i o n w a s b a s e d , i n
p a r t , on an e s t i m a t e d t o t a l q u a n t i t y o f waste o f 6 , 2 3 4 tons.
T h i s e s t i m a t e d q u a n t i t y o f w a s t e , i n t urn , i s t h e t o t a l o f
t h r e e s e p a r a t e i t e m s :

1. Bob B a r k e r , one of the A r J c w o o d p l a n t m a n a g e r s ,e s t i m a t e d t o ADPC&E i n s p e c t o r s in 1981 that thep l a n t p r o d u c e d a t o t a l o f 500 g a l l o n s o f was te peryear d u r i n g h i s t enure. T h e H R S c a l c u l a t i o n i nU p d a t e M o . 4 m u l t i p l i e d t h i s 5 0 0 g a l l o n p e r yearf i g u r e by the 22 years the p l a n t was in o p e r a t i o n ,f o r a t o ta l o f 1 1 , 0 0 0 . g a l l o n s , o r 2 2 0 f i f t y g a l l o nd r u m s , for a s cor ing equ iva l en t of 55 tons.
2* A pit or d i t c h a d j a c e n t to the p l a n t s i t e ,w h i c h ' c o n t a i n s s l u d g e a n d soil c o n t a m i n a t e d w i t hcreosote, and p e n t a c h l o r o p h e n o l , was e s t i m a t e d tobe 40 f e e t l o n g , 15 f e e t w i d e , and 3 f e e t d e e p .T h e s e d i m e n s i o n s r e su l t in a t o ta l volume o f . 6 8cubic y a r d s , or a s cor ing equivalent of 68 tons.

•3. A sawdust p i l e at the east end of! the p l a n tyard was e s t ima t ed to be 275 f e e t l o n g , 150 f e e tv i d e , a n d 4 f e e t d e ep . T h e s e d imen s i on s re sul t I na volume of 6 / 1 1 1 cubic y a r d s , or a s coringe q u i v a l e n t of 6,111 tons.
H M I r e s p e c t f u l l y submit s that these was t e q u a n t i t y

c a l c u l a t i o n s e r r o n e o u s l y count the same was t e s more than

•2-



once a n d , c o n s e q u e n t l y , ov er s ta t e the value used in the H3S
s c o r i n g f o r t o t a l q u a n t i t y o f was t e .

T h e f i r s t i tem i n E P A ' s c a l c u l a t i o n s r e p r e s e n t s ~-C\
e s t i m a t e o f was te g e n e r a t e d over th e o p e r a t i n g l i f e o f t h e -

, . » \—p l a n t . The second i t em, the r a i l r o a d d i t c h , i s one o f the^
areas where the se was te s were p l a c e d . T h u s / a l l o f the ^
w a s t e s p l a c e d in th e r a i l r o a d d i t c h ar e counted once a s p a r t
of I t e m No. 1, and a second time as part of I t e m No. 2. KM I
c o n c e d e s t h a t the t o t a l volume o f the c o n t a m i n a t e d soi l in
the r a i l r o a d d i t c h i s u n d o u b t e d l y l a r g e r than the volume o f
waste which i s c o n t a m i n a t i n g the soi l . U n d e r the H a z a r d
R a n k i n g S y s t e m / however, i t i s i n a p p r o p r i a t e to base a score
on the t o t a l volume of contaminat ed soil or other con-
t a m i n a t e d m a t r i x at a s i t e . Only the amount of the con-
t a m i n a t i n g h a z a r d o u s s u b s t anc e is to be i n c l u d e d in the
wa s t e q u a n t i t y c a l c u l a t i o n . UncQ_n_tr_olled H a z a r d o u s W a s t e
S j t e R a n k i n g S y s t e m U s e r s _ H a n u a l . - 4 7 F e d . Reg. 31187, a t
3 1 2 2 9 " < p u b l i s h e d J u l y 1 6 , 1982).

I t e m Ho. 3 in the c a l c u l a t i o n o£ t o ta l waste
r e p r e s e n t s an even more s i g n i f i c a n t error in the e s t imate of
waste q u a n t i t y . The p i l e of sawdust and shavings at the«- f *east end of the p l a n t yard was g enera t ed by wood p l a n i n g
equipment used ip the manufac ture of ties and po s t s . The
p l a n i n g e q u i p m e n t was used e x c l u s i v e l y on untrea t ed wood.
C o n s e q u e n t l y , the sawdust and shavings themselves o r i g i n a l l y

' 3 -



c o n t a i n e d n o t r e a t m e n t c h e m i c a l s . S a m p l i n g e v i d e n c e i n d i -
c a t e s , however , t h a t the s a w d u s t p i l e i s . now c o n t a m i n a t e d wi t-.h
p e n t a c h l o r o p h e n o l i n t h e l o w p a r t s p e r m i l l i o n r a n g e , * T h e - .
o n l y p o s s i b l e source o f th e p e n t a c h l o r o p h e n o l ob s erved in
t h e s a w d u s t p i l e i s M M I ' s u s e o f t h e l i q u i d w a s t e s i n c l u d e d
i n I t e m N o . 1 , above, f o r d u s t c on tro l p u r p o s e s . Z
C o n s e q u e n t l y , a s w i t h t h e r a i l r o a d d i t c h , a l l o f t h e wa s t e s
in the s a w d u s t p i l e are c ount ed once by EPA as a par t of
I t e m No. 1 , and once a g a i n a s par t o f the sawdust p i l e .
F u r t h e r m o r e , i n c l u s i o n o f t h e e n t i r e volume o f t h e s awdu s t
p i l e i m p r o p e r l y a d d s t o t h e was t e c a l c u l a t i o n s a s u b s t a n t i a l
v o l u m e of s o i l and s a w d u s t on top o f the q u a n t i t y o f the
w a s t e s w h i c h have c o n t a m i n a t e d them.

I f , f o r a n y r ea son, t h e s awdu s t p i l e i s i n c l u d e d
in t h e c a l c u l a t i o n o f h a z a r d o u s w a s t e , MMI a l s o wi she s t o
note tha t the d i m e n s i o n s a t t r i b u t e to the s awdu s t p i l e by
EPA o v e r s t a t e its volume by more than two order s of magni-
tude.-* In order t o e s t a b l i s h more accurate d i m e n s i o n s , MMI
p h o t o g r a p h e d and surveyed the sawdus t p i l e as it now e x i s t s .
T h e p h o t o g r a p h o f t h e sawdust p i l e i s r eproduc ed a s A p p e n d i x
A of t h e s e Comment s . A d r a w i n g with s u r f a c e and d e p t h
m e a s u r e m e n t s i s .reproduced a s A p p e n d i x B . M M l ' s measure-
ments i n d i c a t e that the sawdus t p i l e has & s u r f a c e area of

* T h e Documenta t i on Record f o r E P A ' s B K S scoring ind i -cates that the sawdust p i l e was i n c l u d e d in the c a l c u l a t i o nof was te q u a n t i t y because two 1979 soil and sawdust s t a p l e staken by the ADPC&B showed p e n t a e h l o r o p h e n o l c on tamina t i on



2 1 0 3 s q u a r e f e e t a n d a n a v e r a g e d e p t h o f s i x t o n in e i n c h e s .
T h e s e d i m e n s i o n s r e s u l t in a t o t a l volume of l e s s than 60
c u b i c y a r d s . ; ,

E P A ' 3 e s t i m a t e o f 6 ,111 cubic y a r d s f o r t h e volur* *"-•.
o f t h e s a w d u s t p i l e w a s based u p o n a n A p r i l 1985 m e m o r a n d u m
f r o o D o i c e H u g h e s / a g e o l o g i s t w i t h A D P C & E f t o T i m P e r d u e :
t h e R e g i o n V I O f f i c e . K M I d i s c u s s e d i t s p h o t o g r a p h a n d sur-
v e y w i t h M r . H u g h e s a s p a r t o f i t s p r e p a r a t i o n o f t h e s e
C o n s e n t s . M r . H u g h e s i n d i c a t e d tha t t h e d i m e n s i o n s h e ori-
g i n a l l y r e p o r t e d to EPA were o n l y an e s t i c - a t e , and t h a t a
s u b s e q u e n t v i s i t t o t h e s i t e convinced h im tha t h i s e s t i m a t e
s i g n i f i c a n t l y over s ta t ed t h e s ize o f t h e sawdust p i l e .
H r . H u g h e s i n d i c a t e d t h a t h e d i d n o t q u e s t i o n t h e ac curacy
o f M M I ' s m e a s u r e m e n t s .

I n d i s c u s s i n g t h e s a w d u s t p i l e , M M I w i sh e s t o
s t r e s s t h a t , th ere ha s been no a l t e r a t i o n o f t h e s a w d u s t p i l e
or removal of m a t e r i a l s s ince the r a n k i n g pro c e s s was ini-
t i a t e d . T h e p l a n t s i t e i s f e n c e d i n , w i t h a lo cked g a t e .

at l e v e l s - o f 30,000 and 23,000 p^rt s per m i l l i o n . MM!que s t ions the l ev e l s o f p en tach loropheno l reported for theses a m p l e s a n d r e c e n t l y took three s a j a p l e s f r o m three d i f f e r e n tp o r t i o n s o f t h e - s a w d u s t p i l e £ o r i n d e p e n d e n t v e r i f i c a t i o n .The s a m p l e s taken by MM1 were a n a l y z e d by the M c K e s s o nE n v i r o n m e n t a l S e r v i o e s Labora tory i n D u b l i n , C a l i f o r n i a .The a n a l y t i c a l r e s u l t s showed p e n t a c h l o r o p h e n o l a t 0 .5 p p r a ,2.1 p p m , and 170 p p m . S p l i t s of each s a m p l e were r e ta inedand w i l l be made a v a i l a b l e to EPA if it wishes i n d e p e n d e n tc o n f i r m a t i o n o f t h e a n a l y s e s .



T o t h e best o f K M I ' s k n o w l e d g e , n o s a w d u s t o r s h a v i n g s have
been a d d e d to or removed f r o m the sawdus t p i l e s ince the
t e r m i n a t i o n of t r e a t m e n t o p e r a t i o n s in 1984. ~^

Based upon t h e f o r e g o i n g f a c t s , H M I b e l i e v e s tha t .
X t e n H o . 2 , t h e r a i l r o a d d i t c h , a n d I t e m N o . 3 , t h e s a w d u s t ^
that is a s s i g n e d an HRS s cor ing va lue of 2. 47 F e d . Reg . C
31187, a t 3 1 2 2 9 ( p u b l i s h e d J u l y 1 6 , 1 9 8 2 ) . W h e n t h i s n e w
s c o r i n g v a l u e i s s u b s t i t u t e d f o r t h e o r i g i n a l was t e q u a n t i t y
v a l u e , t h e f i n a l H R S score f o r t h e Arkvood s i t e i s r educ ed
f r o o 34.21 to a correc t ed score of 26.32. An i t e m i z e d com-
p a r i s o n o f t h e o r i g i n a l H R S c a l c u l a t i o n a n d t h e r ev i s ed
c a l c u l a t i o n f o r t h e A r J c w o o d s i t e i s a t t a c h e d a s A p p e n d i x C
o f t h e s e C o m m e n t s .

I V . A F F E C T E D G R O U N D W A T E R D S E
E P A ' s H R S s c o r i n g sh e e t s a n d D o c u m e n t a t i o n Record

a s s i g n e d a G r o u n d w a t e r T a r g e t s value o f 29 f or th e Arkwood
site.-. T h i s G r o u n d w a t e r T a r g e t s value was ba s ed , in p a r t , on
the a s s u m p t i o n that there are "no s i g n i f i c a n t a g u a t a r d s "
s e p a r a t i n g the s h a l l o w g r o u n d w a t e r sys tem in the i m m e d i a t e
v i c i n i t y of the p l a n t , which has shown trace c o n t a m i n a t i o n
o f f - s i t e , -and the de ep a q u i f e r that s u p p l i e s the Omaha muni-
c ipa l water sy s t em and other groundwat er users w i th in &
three m i l e r a d i u s o f t h e p l a n t * H M I bel ieves that E P A ' f l,*
a s s u m p t i o n is m i s t a k e n and that there is a s u b s t a n t i a l



b a r r i e r b e t w e e n t h e s h a l l o w g r o u n d w a t e r s y s t e m a f f e c t e d b y
t h e p l a n t s i t e , a n d t h e d e e p a q u i f e r s u p p l y i n g t h e Oraaha
m u n i c i p a l w a t e r s y s t e m and o th er g r o u n d w a t e r users in th e
area.

A s p a r t o f i t s v o l u n t a r y e f f o r t t o d ea l w i t h con-
d i t i o n s a t t h e s i t e , M M I h a s r e t a i n e d G e r a g h t y & M i l l e r t o
c o n d u c t a g e o h y d r o l o g i c i n v e s t i g a t i o n o f t h e Arkwood s i t e
a n d t h e s u r r o u n d i n g area. A l t h o u g h s u b s t a n t i a l a d d i t i o n a l
work -remains to be done by G e r a g h t y & M i l l e r / t h e i r i n i t i a l
s i t e a s s e s sment and m o n i t o r i n g d a t a i n d i c a t e that th e con-
t a m i n a n t s have bee.) f o u n d to r e s i d e only in the s h a l l o w
( l e s s t h a r f i f t y f e e t below land s u r f a c e ) i n t e r c o n n e c t e d
s o l u t i o n c a v i t i e s f o u n d a t t h e base o f t h e l i m e s t o n e f o r -
m a t i o n . W a t e r t h a t en t e r s t h e s h a l l o w d r a i n a g e sy s t em f l o w s
l a t e r a l l y w e s t w a r d t h r o u g h t h e s h a l l o w s o l u t i o n f e a t u r e s ,
e m e r g i n g a s s p r i n g s a l o n g C r i c k e t Creeh about 400 y a r d s f r o m
t h e A r J c w o o d p l a n t s i te. Most o f t h e d o m e s t i c w e l l s w i t h i n
about a*"mile of the p l a n t have been t e s t e d ; only three w e l l s
l o c a t e d in a very small area between the p l a n t and the
s p r i n g c o n t a i n the c o n t a m i n a n t s , , It i s b e l i eved that th e
c o n t a m i n a n t s enter the w e l l s via the s h a l l o w s o l u t i o n chan-

• *»
ne l s because the w e l l s are cased only into tha top of the
l i m e s t o n e ( a n d not to the d e p t h o f the s o lu t i on c h a n n e l s ) *
and a 3 0 0 - f o o t thick* c o n f i n i n g bed e x i s t s below the s h a l l o w
w a t e r - b e a r i n g zone.



I t i s G e r a g h t y & M i l l e r ' s b e l i e f t ha t t h e
2 1 0 0 - f o o t Omaha m u n i c i p a l water we l l is not in any way
t h r e a t e n e d by w a s t e f r o m th e Arkwood s i t e . S e v e r a l h y d r o -
g e o l o g i c reasons s u p p o r t t h i s conclus ion:

1. The h y d r a u l i c g r a d i e n t at A r J c w o o d has been v

d e t e r m i n e d to be n o r t h w e s t w a r d ( t h e Otoaha w e l l i s Cl o c a t e d to the n o r t h e a s t ) ? C
2 . T h e d i s t a n c e between t h e A r J c w o o d s i t e a n d t h eOmaha w e l l is about one m i l e ?
3. S e v e r a l d o m e s t i c water w e l l s are l o c a t e d bet-ween the A r k w o o d s i t e and the Omaha we l l that havenot been f o u n d to be c o n t a m i n a t e d a n d , i fd e s i g n a t e d as such, can act as an earAy w a r n i n gs y s t e m ;
4. S e v e r a l t h i c k a q u i c l u d e s e x i s t be tween thes h a l l o w zone in which c o n t a m i n a t i o n has beenobserved and the a q u i f e r that i s t a p p e d by theOmaha w e l l ;
5. A p r o p e r l y cased 9 0 0 - f o o t well that is l o c a t e don th e A r k w o o d p l a n t s i t e i t s e l f ha s been s a m p l e dr e p e a t e d l y and i s f r e e o f any c o n t a m i n a t i o n .
Based upon th e d a t a g enera t ed thus far by G e r a g h t y

4 M i l l e r / HHI b e l i e v e s that two correc t ions should b e made
i n t h ' e G r o u n d w a t e r T a r g e t s va lue f o r t h e Arkwood s i t e .
F i r s t , ' " t h e G r o u n d w a t e r Use f a c t o r should b e reduced f r o m 3
to 2, because users of d o m e s t i c w e l l s in the v i c i n i t y of the
p l a n t have a m u n i c i p a l water s u p p l y a v a i l a b l e nearby which..draws f r o m an a l t e r n a t e , u n t h r e a t e n e d source. S e c o n d , the
p o p u l a t i o n served by domes t i c w e l l s in the immediate vici-
n i t y of the p l a n t which could be a f f e c t e d by c o n t a m i n a t i o n
i i t ho s h a l l o w g r o u n d w a t e r sy s t em t o t a l s l e s s than t en

•8-



heuses o r a s c o r i n g e q u i v a l e n t o f 3 8 p e o p l e - T h i s p o p u l a -
t i o n f a l l s in the 1 t o 100 p o p u l a t i o n range t h a t i s a s s i g n e d
a s c o r i n g v a l u e o f 1 . Use o f t h i s revi s ed p o p u l a t i o n v a l u e
t o g e t h e r w i t h t h e revi s ed G r o u n d w a t e r U s e f a c t o r , lowers t h ,
G r o u n d w a t e r T a r g e t s score f r o m 29 t o 16 . The r ev i s i on o f
the G r o u n d w a t e r T a r g e t s va lu e , in turn, lowers the o v e r a l l c
BRS score for th e A r k w o o d s i t e f r o m 34.21 o r i g i n a l l y pro-
posed by EPA to a correc t ed score of 18.87,

W h e n th e correc t ions s u g g e s t e d by th e s e comments
f o r t o t a l q u a n t i t y o f waste a n d G r o u n d w a t e r T a r g e t s a r e both
i n c l u d e d in the c a l c u l a t i o n , the f i n a l BBS score for the
Arkvood s i t e is reduced f r o m 34.21 to a corrected score of
14.5?. An i t e m i z e d compari son of the o r ig ina l and revised
H K S c a l c u l a t i o n s i s a t t a c h e d i n A p p e n d i x C o f the s e
C o m m e n t s .

V I . S T A T U S O P R E S P O H S B A C T I V I T Y
KMI r e c o g n i z e s that it is EPA p o l i c y not to con-

4 Aa i d e r t h e s t a t u s o f p r ev i ou s r e spon s e o r c l e a n - u p A c t i o n s
when s c o r i n g a p o t e n t i a l HPL site. See 47 F e d . Reg. 31187
( J u l y 16, 1 9 8 2 ) ; 48 F e d . Reg. 40664 ( S e p t e m b e r 8, 1983).
N e v e r t h e l e s s , MMI be l i eve s that th e current s ta tu s o f s i t e
i n v e s t i g a t i o n and remedial a c t i v i t y is relevant in con-
s i d e r i n g the r e l a t i v e p r i o r i t y or need to t S u p e r f u n d atten-

*»
t ion at a g i v e n s i t e .
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The A r k w o o d s i t e i s not an o r p h a n e d or a b a n d o n e d
s i t e . The owner and p r i o r o p e r a t o r s o f t h e A r k w o o d s i t e ar e

f
known, and t h e i r f i n a n c i a l resources are u n q u e s t i o n a b l y c —
quate to a d d r e s s any f o r e s e e a b l e r emedia l c o n t i n g e n c y , h
i m p o r t a n t l y , one o f t h e r e s p o n s i b l e p a r t i e s , MMI, ha s b e e v**
c o o p e r a t i n g w i t h s t a t e o f f i c i a l s f o r several years i n r e r ~
d i a l i n v e s t i g a t i o n a n d r e s p o n s e a c t i v i t y . F i n a l l y , a s n o t e S
by EPA in the A r J c w o o d summary, a consent order a d d r e s 1 . ing
th e s i t e Is n e a r i n g c o m p l e t i o n and s h o u l d eoon be e n t e r e d .

A g a i n s t t h i s b a c k g r o u n d , there i s l i t t l e reason t o
doub t t h a t p r o m p t a n d t h o r o u g h i n v e s t i g a t i o n a n d r e m e d i a t i o n
w i l l take p l a c e a t t h e Arkwood s i t e w i thou t S u p e r f u n d
i n v o l v e m e n t .

V I * . C O N C L U S I O N
F o r t h e reasons s e t f o r t h above, H H 1 r e s p e c t f u l l y

*submit s that the HRS score propo s ed for the A r J c w o o d s i t e was
basted on an o v e r e s t i m a t e of the t o ta l q u a n t i t y of waste and
an erroneous a s s u m p t i o n r e g a r d i n g the use. of a f f e c t e d
g r o u n d w a t e r . As r e f l e c t e d in A p p e n d i x C, correct ion o f
e i ther error s i g n i f i c a n t l y reduces the overall HRS score for
the Arkwood site. When both errors are corrected, the
revised HRS c a l c u l a t i o n s reduce the overall score for the
Arkwood s i t e f r o m 34.21 to & corrected score of 14.52*

•10-
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H M 1 r emain s r e a d y a n d w i l l i n g t o c o o p e r a t e w i t h>
EPA in any way i t can in f u r t h e r c o n s i d e r a t i o n of the HRS

*
s c o r i n g o f t h e A r k w o o d s i t e .

R e s p e c t f u l l y s u b m i t t e d ,
M X T C H B L L , W I L L I A M S , S E L I G ,

J A C K S O H & T U C K K R

r

A l l a n G a t e s
A t t o r n e y s f o rMass M e r c h a n d i s e r s , I n c .
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* Line 1 - Observed Release

L i n e 4 W a s t e C h a r a c t e r i s t i c sT o x i c i t y / P e r s i s t e n c eH a z a r d o u s W a s t e Q u a n t i t y

H R S C A L C U L A T I O N S

Original EPAP r o p o s e d
45

188
26

W a t e r Q u a l i t yRevised
45

182
20

G r o u n d w a t e rT a r g e t sRevi s ed
45

10_e"26

BothR e v i s i o n s
45
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20

L i n e 5 - T a r g e t sG r o u n d w a t e r U s e( M u l t i p l i e d b y 3 )Distance to N e a r e s tW e l l / P o p u l a t i o nServed

Lines 1 x 4 x 5
Divided by 57,330
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